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(54) INPUT CIRCUIT. OUTPUT CIRCUIT AND INPUT/OUTPUT CIRCUIT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To sufficiently secure a 
sufficient VI H margin, to cope with the process of 
weak breakdown voltage, to perform a high-speed 
operation and to reduce power consumption by 
raising an output terminal to an internal power 
supply level as well when an input/output terminal 
is raised to the internal power supply level. 
SOLUTION: When 5[V], for instance, is inputted to 
the input/output terminal YPAD, raising to the 
internal power supply VDD level (3 [V]) is not 
performed only by an NMOS transistor N7. Thus, by 
a PMOS transistor P7 formed at a floating bulk B, 
the output terminal OUT is raised to the internal * 
power supply VDD and the VI H margin of an internal 
input circuit is sufficiently filled. Also, even 
when a voltage higher than the internal power 
supply VDD level is inputted to the input/output 
terminal YPAD, since the PMQS transistor P7 i s 
turned OFF, the output terminal OUT is turned to 

the internal power supply VDD level. Also, except the rising time of the 
input/output terminal YPAD, the flow- in of a current from the input/output terminal 
YPAD to the internal power supply VDD is not generated. 
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- FiZtetitZtlttmi CMOS h7>vX?t. 

!g2©y-FK&^sn, Sfi2iiffi*<sg4a>y-Kic& 
«$n, afc#:7D-7^>ytt«re;&£!S5©y-K 

y- Mi* ? i6®y- Kc»*an. s§i«aa<ffiE 

i:*«4n. *«!WMEiB5©y-FIC»«Sn&*3 
©MOS h7>-^?t. 

WBJB3 0y-HK««Sn. SB2Sffi*<SH2©S«K: 

bib 6 o y - h nfc-f > a--* t t«r * - 1 
&i$ai:-r*ai*iHiK. 



Ci»*«3] y-h«**»i»E!B3©y-KK:*aiS 
n. »i««#(ME*2©y-i*»=*tt3*'i. ^2«i 

i B«wta*i3K« 

*J;at*«*t«E»5O/-FIC***nfc»5<0MO 

y-F««#WEiiS7©y-F«c*R*n. sits^ 
«jB»2©««ii=*«*n, ssis«a*mEf&4©y- 

[is*^6] y-MMfeWBioy-KicaMisn. 

y- hil^3©/ - FKSslfcsn, JSi««a«ME 
*2©y-K«:««sn. *2*«*«»4oy-Hk:* 
*sn. Sfi*«7o-f^ >ytt«rc**iS5©y-F 

*3©y-Fi=»i*sn, »2««*»WE*4oy-H 

tC^$n. ««*t(WE*5 0y-FC»«Stlfc»3 50 
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2 

fflMOS t-7>yX^i. 

E»40y-KK»*Sn. JB2«««»*7©y-K»C 
i£J&;*nfc!g4©MOS h7>yX?i:. 

y-h«aw*ME*3©y-Ffc:*i*sn. SifS*< 

WE*7©y-Kk:**Stl. *2««*«ttESB4fl)y 
- F K»«sn. SfiMWSm 5 © y - F i:*K4ftfe 

A** : P*»mBJB7«)y-HK«ttsn. 

y-h«a^s9B^8©y-i<tcS5«$n. nei^ 
»2©«*k:*«s*i. » 2 m**«ie» 6 © y - k »c 

E*6 ©y-HK**an. jg2*ffia<iWESg3©y- 
Ki:8lS!Snfc^7©MOS h7>-^?t*tt«: 

UC*«Sn. «2««*«(»EJB7«Dy-Hk:*«!S 

nfc^8©Mos h7>v ? 7.^*setc*-rsc:i:*?f 
at-r-5»*96E«©ai*iHi8S. 

n. mi«ffi^WEm2©y-Htc«5JH!sn, 121s 

*J:tf»«*«lttB»5©y-K»r«*Sn&«8©MO 

6E®©tH^lHlES. 
Mf*H9] y—h«**«WESBl 

*j:ac««*«<»E*5oy-K«c»*anfcfB8<oMo 

6E®©U1^[hISS. 

[»*JU0] 9dBSBi©y-Hica«-rsmi©A 

JB9«)y-K«C*«-r*!B2 0A*iB^4:. 

mbjb 4 © y - f iz»mt m * sbtp t . 
y-h*«*«MEiB9©y-Kic»«sn, jbi^S** 

E»io<oy-Hc«isn, »2««*«MEiB4oy 

-KC»«Snfc*90MOS F^>->*7.? ££S 
tt5C t SW* tf 6 Ett©tti^tHl8S. 

y-h«a«»*i©y-HK:*«s 
n. si«ffi*^i©«asKS8«!sn. i2is*«S5 2 
oy-F»c**anfcJBi©MOS h5>^^4. 
y-F««a*ss3©y-F»c»i83*i. iiifi*«8»E 
*2©y-FK:*«sn. »2«s***4oy-KK* 
ja^n, a«*«7D-?^ >^tt»T»*JB5©y— k 
tr^$nfc^2©MOS h7>yx^i. 
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10-276081 



fg3©y-FK«S&an. *2««>OTMB«4©/-F 
.CMOS |>7>-/X?(!:. 

*i>E*7©y-Fi£tti*s*'u *2«s*«W«»4©y 

mi A*«B^* t lWBiB7 0/-F»c*«Sn. SS2A7J 

sa^*«»8 0!)y-FK»«an. aflsiiwsg9©y- 

*2©«iiil=*l«*n. »2««*«*1 ooy-HK« 
«Snfc*6CMOS h7>^^i, 

ens i o © y - f ic&*&a n. ft 2 «ffiat8&Efs 3 © y 
y-h««*<ttefBi ©««»=*«* sgie«a*ffl » 

EWSOy-FCMSft. «2«*MS1 l©y-F 
ICSaSnfcf 8CMOS h?>5?X*fc. 

y-F«S*«ittEJB8ffly-Fc*«sn. HSffi*' 
MCfti i©y-F»c*««n. »2««««*e*i© 
y-i<i:gMsnfcS9fflMos h7>^t. 
y- ks®*« i 2©y-Ft:*«an. siia^tt 
B» i o © y - f «c«*a n, «aa<fftESg 6 © y 

— FKUfcttSnfclBl 0©MOS h7>-^*'i. 

y- h«*awE» i 2oy-HC««sft. uti 
jWKJbisi ©«««=»«« jg 2 m^me* e © y ^ 
-Fic&i&anfcSgi l©MOS h^^i'tStt 
•5 C t £ tttt <h T -5 W * EI K. 

1 2 1 y— f ma* <t 1 mm&WBM 1 
©«astc««san, ^2m«i* { «rfem7©y-F(c^ 

Stltil 2©MOS h7>vX^^5 t>(CWT-5^t 
Sr^tat-T-SiS*^ 1 lfBi6©tB73[HlgS. 
[tt*« 13] y- h *«#MEJB 3 © y - F 

an. jui««*«ttiatB2©y-Ffc:*«sn. 121 
«#«fctf**awe*5©y-Fictt*sn!fciBi 2© 

MOS h^V^X^fcS&fcWTaCiSWKfc"*** 40 
1 1 Se«©ttS73EIS&. 

[§9*J£U4] y-Miil«IIIIE*iotIi:lMIS 

n. »i*«i*»«»ia»4©y-F»c*i«an. 1211 
*±af»«**«e*5©y-F^*i«anfc»i 2©m 

OS h9>^^*S6K*-T*ii:*»«f9"a»* 
lE*©tH*iaiS. 

[»*ai5] WB!i!i©y-F«=*«r*»i©A 
$ 1 3©y - FK««-r5*2©x**^t. 



HB»8©y — HK«m - *W4©X*«H t t. 

i»iB»4©/--Fictt*-r*waJB^fc. 
y— F«ffi*^fl(iESi 1 3©y- FicSEfiisn. nii 

a&t(Wffi»2©««»=*at*n. *2*I**140/- 
KtCftttSnfcSl 2©MOS t-7>vX?t, 

y— hmsA<ffiE& 1 ©masic&^an. ssi®&a<*a 
iesbi 4©/-Kc»«sn. »2««*«aftB*4©y 

-FCflSttSnfcHSl 3 ©MOS S7>vX^t5:$ b 
KWr*Ct«»«tT*»*9ll lB«©UJ7JEIif&. 
[19*8 16] y- htt«*3 1 «a**3f 1 ©m 

l©MOS h7>^X?t, 

y-h«ga<S2©y— Fusaaan. £imffi#9SrE 
*i©y-FK*«an. !B2«**«JB3©y-F«c« 
naan. its*<7D-f^ >y««T**«4©y-F 

K»«;SnfclS2©MOS h7>yx?i:. 
y- h««*<fiJB£i 1 ©«SH~»8i3*T- 3§ 1 

El2ffly-Hcsasn. is 2 ««***ibsb 3 © y - 

Hi:j«|(«n. »«*t«iEJB4©y-F»:*«Stifc!ll 
3©MOS h7>^X?t. 

y-h«ffi**ffiEs6i©««»*8Mfc3n. mimffi* ? w 
E*3©y-F»c*i«sn. *2««««*5©y-Fc- 

g^nfcf 4 0MOS h7>^i. 

y-h««a<*tEa§2©y-FK:8Mfcan, sisw 
WEii!5©y-FK*a!*n. » 2 ««#*ie* 3 © y 
-FKttttsn. »*iW»E»4©y-Fic«i«anfc 

x***T*«ttE!B5©y-Fc**sn. tuft*?** 
6 © y - F ic&*aa nfc-f > a*-^ t . 
y-h««3&*TOE*6©y-Fk:**sn. f 

«2©«K(Ctttt3n. JB2««*»SB7©y-F«C*« 

y-h««^t9ESBi©«is^«aisn. jbi 
E»7©y-F«c*i*an, S2tWiE^2oy- 

KtcS«ianfcSB7©MOS h7>^X^i:Stt4C 

[19*9117] y-h«*iiJ:tflBl«*MMEISl 
©mWCttttStl. JB2«***»BSB5©y-FK*l« 
anfcfg8©MOS h7>vX?«:3ei:*1"?>c:t4 
t^mt-r* 19*^1 6ES©A73EIiS. 
[§9*8 18] y- h«ffi*<l»ESI 2 OHCttM^I 

n. «iM«ttMeini©mi:ttM^ti. 1211*' 

9ftEJB5©y-F«C*«Snfc«8©MOS h?>3>* 
^fcS&fcHrrictfcttt**:"*"*!*** 1 6B«©A 

[i9*3i 19] y- h«ffi*<ffiESg 1 o«it:*ais 
n. iBi*s*«WEfiS5ffly-F»c««an. S2i« 

«<NE)R 2 ©UC**Sftfc* 8 OMO S h?>5>* 
^Srae>JC*-r-5^<t:*^SS<!:-rSi9*«l 6B«©A 
73EI8So 
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y-h«*w»B*8©/-FK*tts*. HM* 

9 05MOS h i*3 & 

-T^it**! 6B%©A7JlalB&. 

[gS*^2 1] y- bM*«IW» 1 ®tiic««« to 
n. »i*«««iwb«2©««k:««**i. iitw 

t. 

y-Ht«jWME*l o«»K*«Sn. IIMAIM 
ESS8©/-FK»8i£n. *2««***ME*3©>'- 

Cis*^ 2 2 ] y- h nmtfitMBM 2 o / — k kiw* 
sn. siiSffi*<WBmiro/-Hfc«^$n, *2t 

OS h^^^^^^e.icSnct^fSitsM* 
JJil 6E«©A*J[eI8§. 

[3S*^ 23] y— h««j9«ittBfis 1 onmz&ffiz 
n. »i«s«*t»E«3oy-Hfc*«sn. I2ti 

«J:a««*«*B»4©/-HK«*3n&W8<DMO 
16EK©A^7lUBS. 

ittEiB5©y-H»c*8?-raia*«HPt. 50 

y_ h«ffi43«fct^« 1 tB«*<tfiBSS 2 ©MKtftttS 

n, jni«*tjii8©>'-Hii«i«anfc»8©MOs 
y-h««*»WB«si©««t^*****' 1 - asis«a<iW 

E»8©y-H(C*««n. *2««>W»EJB3©y'- 

6E«©A^lel8S. 

25] y— h«ffi*tftftBS§ 1 ©«»£»!** 

x^feSfcetf-rs-^w**"*"* 1 *** 2 4E«© 
A*iaB. 

y-h««j*«WB!Bl©-/-H»c*l«Sft. SU«ffi*< 
s h7>v^^t, 

y-htt«a<j»B*i©aie»c«*e2n. ntwn 
E»i«);-Ki:*«n. »2m«j9 t J83©y-Ht: 
&iaan, *«*»iWB»2©y-F»=*«anfciB2© 50 
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MOSh7>-/^^t. 

y-h*»wwE!M ©«»£****• iitw* 

»«Snfc»3©MOS h7>yx?i. 
5 © V - F CttiftS nfc a >/su-* 0BS t . 

mE*5©y-KK*«anfcin*sB^i:**t-*^t 
s#«tr*A*jiHiB&. 

[tt#9(2 7] JBl©y — KK«aW«A**^fc. 

y-h««^«rEmi©/-Fic««5sn. S6i«ffi*< 

>y«tt-C**JB2©>'-FK*«SnfclBl©MO 
S h7/"^t. 

y-h«Sa*»«IEMSl©«WK**sn. IBlfMtfM 
EJBl©>'-FC**Sn, *2««*«*3©/-FK 

gsisn, »«3fttWB*2©y-Hc*«snfc»2© 

MOS h 7 >i/?>? t, 

jBiitT««iWE»3oy-HC««an. «2« ; p««* 
y- h«a**fl8E^ 1 ©«JB»c6$ia£ n. » 1 

EJB3©/-FC««an. «2««*«»4©>'-HK: 
Jgf^£nfc!g3©MOS h7>yX?t. 

y-h«®* < sfiE^4©/-Ftc«^an. sifi* s 
jB5©y-Ftc*«5an. » 2 fMfttttCffi 2 ©««»= 

y-h*«3&»»E«4©y-KK*«sn. niffi* 

< fctfS«a<3S6©/-FK8M83* , U *2««0**IES8 
5©y-FfC«fi8Snfc»5©MOS h7>^^t, 
A*tt«7iiMrE^5©y — FKSEfi&Sft. ffi^J«ffi* { ^ 

7 © / - f iz»*ts n*:-f > a*- * <t . 
y— hma* ? fl9E^7©/-Fiz^an. siti*' 

j»EJBl©««K:*«ESn. »2««A»mE*6©y- 

y— h««i**ittEiB7©y — K(=»«3n. *i«a«< 

«IEJ(I6«);-Kl:*«3n. »2S«i«mfi«l<0« 
Sr**ISi:-r^A^[Hl8S= 

[1**82 8] H^fll 2E«©W^[HlBS<t. 
2 6*fctt»*9 2 7KBtOA*BII*6a!). 

ft9Em^iHiss©m 3 © a**^ tWBA»iai»©a** 
^<h£&iau. nBm»Hiioia*«T««»«Bi»t« 

[m*a2 9] y-h««3&**i©y-H»c**s 

©/-FK*«Snfc»l©MOS F5>i?**£. 

y-h«**<*3©y-Fc«*«<i. ffsittatfttB 
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7 

1B2©/-FlC*ttSn. »2*«*«»4©/-FK* 

E*3©y-FK:**sn. *2««awB*4©y- 
FKSM^an. *«*«M«a*5©y-KK*«anfc» 

3©MOS h7>^X^<i:, 

y- h«e*<flfriB^ i o«»«=*i*sti. 16 1 
esB4oy-H«z*«sn. »2«i*«i«6©/-hic 

W*SnfcS!4fl>MOS h9>i?X*t, w 
»EJII6 0y-HK*l«*n, !6 2«@;><iffl§5Sf!4©/ 
S5CDMOS h7>vX^t> 

7 o y - f tcss^a nfc-r > a*- * t . 
y-h««*i*iia»7©/-F»c««an. nsi«<i** 
^©minucfciaan. i2ti^8©;-h'tc«i 

i©/-FK«M*an. f 
kjbi ooy-Fc*«an. * 2 i © ' 

y- h«ffiatwtaas i omcmta n. g i m 

isjui o©y-FK*«sn. Sg2««a<tM8B1g3©y 
— F»C«iRanZtm9©MOS h 5 

[H^3 0] y-h«B*5J:tf*l«*a f *MB*l « 

©«»c*«an. »2««*«»ia*6oy-Ft:** 

£nfcgl 0 ©MO S br>>> ; X3'S:a'E. £ <h 

S:1#®t-r-5iS*^2 9f3«©Am*[HlBS<, 
[fflt#Si 3 1] y- h«ffi**iliB^ 3 © / - F 

an. !S i««*»ne»2oy-HK«i«a*x, I2t 
«*j:ac»«*«»ffiiB5©y-F»=*i«anfc»i o© 

MOS j.9>S?X3r*asic*r«Jl4:*»«fcr*« 
5*^2 9ISa©Atti^tElgS. 

32] y- hMftttte* i ©ma^ca^a 
n. »i««*tttiEfiS4©y-F»c*«an, i2is 4 
*j:ac««*»mBJB5©y-FK:**anfc»i o©m 
OS K9>^*'*SSi:*t4rt*1»iiT*i* 
S2 9ffi*c©AHi#IIIS&. 

S985^1 l©/-FfC««!anfcS2©A*^f <t. 
mi 2flD/-F«C*l*anfc*4«)A*»^t. 

Sfrtem6 ©y- FtcttttanfetaaaMF t. 
saiem4©y-F{c«i^anfeAai^^ : f i 



) ^BWl 0 -2 7 6 0 8 1 

8 

y-h««jft«tte*i 2©y-Fic*i»an. fits 
*tiMB»2©**ic*«an. I2ss^si3©y- 
Fic«E*anfc»i 0©MOS !>7>^?t. 

Bfti 3©y-F«c*«an. i2WiES4©/ 
-Fc*i«anfciBi ifflMos h^>v ? A^t*a€) 
ti*ri-*rtft*«fr*«* ] B2 9iE«©A*ia». 

[0 0 0 1 ] 

«!l^tB^[Hl8S*5j;^Am*lHlK{rH-r^fc©T*So 
[0 0 0 2] 

[ft5fc©8«] 0 2 4 Kt^SSttHlSflElB&gEB (LSI? 

*. *fc0 2 5«@2 4tC^f^3lE©A^tElgS(C*3tt-5 
?0 Hrfe^ 5 >^i"C*?>. 0 2 4 K^-f A;ftlHl8Sli. W 
E©M^7 r Dt^C**LS I l:fflH5ft. fl.a&*>5© 
0-5 [V] ««©A*m**. MONtft^TH* 
NMOSh5>^N100C±l)0~ (VDD-N 
MOSU*V>ME) 3TT?©»HfcU-t\ ^-^■y7 r © 

[0 0 0 3] 02 6ttLSIf77 p l:ffll^n« 

S£*©Hi^lEliS<&^-rtHl8S0Tfe^). *^2 7B@2 

6 KSTtt*©uais»K*w-*»«^-r 5 >y0"?fc 

H2 6 fC^-rm^lHlB&tt. lECm^otXCJ: 
0LSICfflH6h. 1W»ONl/Tlf>*NMOSh?> 

-7XJN1 o it«wfc*-^>Fw-r>iattt. fi-as 
tcsatten^. 5 [v] ^©^vry^ffiStR i 

bfet>©t?&o^:; NMOS h7>vX^Nl 0 lK«fc 
0. N102©HK>. V-X«Slffllwtt5 [V] © 

[0 0 0 4] 

[5ew**»»b«t5t-r*Kia] 02 4ic^u^se*© 

A^lHlSSTti. rt8B@aSiS!£VDD£3 [V] if* 

40 t. 5 [v] ©«ffi*tA*anfc«fc#K. y-FY©m 

ettVDD-NMOSHItfi;5©t?. m2. 3 [V] 

*<Dfztf>, A^08S©V I HfclfrlCttLTjKU 
<ftSiH5HB#*?fc. VIHSfitli AftSSS 
7>6©" H" U^UMBEK. POSSESS© l^l/MIKttU 

[0 0 0 5] £/t0 2 6»C^Lfctie*©ta^lHlSSt?tt. 

50 a b^LStt(s*'ha<-r-5ctic 
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[0 0 0 6] #5BWi J: "5 IBB 
t*i-t?fr. JftJ£©i5^yni-fc;U;:*h£T^. feMWitt-tf 

[0 0 0 7] 70 
[gggSi/Sft-tafc*©^©] JitScogM«r^B£-r-2>fc 

s^^.^^t. y-F««a*»3©y-FK:iM*a 

n. W1««#WE*2©/-Ffc*tt**i. ^ 21fi 
■p»*SB5O/-FC*«Sftfc*2OM0S 

y-F««#!B6©>'--FK:»«3n. »H 

cy-FC»«sn. g«a*i»SS&5©/-Fic»jas 
nfc*3©Mosh?>yxi't. y- F««a*i»EiB 
6©/-Hc*i*«n. »i«*««MB*3©y-Hk: 

man. a*M^39*ttiE»6©/-i«ic!(E«*nfc-f > 

[0 0 0 8] *^^«^^6fB«»tt}*[HlES«. y- 

m\z&®.izn, m 2 m^^m 2 © y - f 30 
lcMosh^^x^t. y-h««a<SB3©y-F 
ngisn, ?gi«ffi#iitiGffi2©y-h't-&^sn. 

tfS2««*<3S4©y- K»C»«Sn, S«A ( 7D-r-f 

>yttMnr**lB5©y-FK*ttsnfc»2©Mos 

n. Bi«s^ia^3©y-Kicss^^n. f 21® 
A^S5m4»y-Hic^^n. ss^Sirf2^5<Dy- 

HIC^^nfcm3 0MOS t»5>^X^i. y-F« 
©y-FIC*«3n. fl HUSHES* 7 ©/-FfC& 

*t«iaj(i5oy-HK**anfciB5©Mos f^>s? 
®ffi*t*iiE!68©/-Fic»8i£n. sitw«»2ro 
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«*n. fg2m«* i iffiBSfi3©/-Ftcffi^$nfcfg7 
©MOS h5>^x^t*wr*it*»«k4:-r*. 
[0009] *38wo**ai iiBK©m73iHigitt. y 

Si©Mosh7>-^^t. y-h*«a«*3©/- 
yw >y«l8T***5©y-Fic»«*nfca!20M 

OSh?>^t. y-HiiWI6ffl;-Hl:*i 

an. in i««*«(»bib 3 ©y-HK««an. MS2S 

-Ffc«ttanjfcSB3©MOS h?>fX^t. v-F 

ttKtfMEts 1 o««»c*«a n. as 1 ««*t«HB» 4 

©/-Kfc*l»Sn. JB2««*»»7«)>'-FK*l*a 

nfcf&4©Mos h7>-/x^i. y-hiwwes 
3©/-Fk:«*an. sn®n* { wie^7©/-F«c 
sittsn. «2«s*«(tte»4<Dy-FK*i«sn. * 

K*tWiBMS5©y-FCgS«anfcMS5©MOS F^> 

3>**fc. miA73«^*friem7©y-F(c^$ 
n. »2A*«w*8©y-HK««sn, mum* 
*tS59©y-F^s«ianfcNORy-Ft. y-F« 

«c««an. »2M««»i oo;-Fi:»Ksnt 

«Mt:tti*3 n. » 1 «ffi**iWE!B 1 0 © y - f 
sn. ss2«s^WESB3©y-Fcsitt3nfcMi7© 

MOSh7>v^^t. y-htiiKWEIIlOliC 
Jg*8£*x. *l««a9«lWeiB3©y-FI=*IR*n. MS 

2«a*<«i i©y-Ftc»«!anfcSS8©Mos f^ 
>^x^i. y-F««*«w«J(i8<oy-Ffc*«a 
n, sg 1 eaawESs 1 io/-Ft!Mi*ft. as2« 

««t«EJBl©y— F»C*l*a*lfc»9©MOS b7> 

i««**WE»i ooy— FK»*an, S2iSA'ts 

E*6©y-F»C*IK3nfc»l OfflMOS h7>-/X 

^t, y— H««*»»E*1 2 ©/- ficwks n. Ml 

l««*»tttEJBl S Sg2«ffiA*atlES6 

6©y-F»c*«anfcJBi i©mos h7>^yi 

[0 0 10] **M©BI*flll 6E«©A*0» 

n. MJ2®ffi^ssi©y-Ft»fi2anfcSsi©Mos 
t>7^?i. y-hma* { fi2©y-Ficsi^a 
u. ssi««»^ESii©y-Ftcfi5^an. fS2®« 
*t»3©y-Fc*«sn. i**i7D-f^ytt« 

•e»«»4O^-HC(liSntt2OM0S h9>3> 
X^t, y— HWMESlffllBCS^^ 

««3&tMeW2©y-F«c*»an. as 2 ««a<flirESS 

3©y-F«=*«Sn. 4 ©/-Ffctttt 
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«ntl3©MOSh7>-/^?i. y-F®ffi*MfflB 

&8?aft. *2«i#t*5«!)/-Hi:««anfc»4o 

icjg^aft. »i«***we»5©y-Hi=*«*ti. 
jB2««3&*»iB!iS3©y-Hc*«an. a«a<ffiBSB 

4©/-Kfc*«a*fc»5©MOS h7>vX?i- 

ESB6©y-n»;:*i*sft. sb 1 sffi*<SB 2 ©mature 

OSh7>^^t< y-h««*«»ElBl©««K* 

taaft. SBisa*<ifflESS7©y-FK:««aft. SB 2 

*«jWMBSB2©y-FK*ttaft&«7©MOS h7 

[0011] *&m<Dmxm2 6K«©*aiai&tt. sb 
i©/-HK:*afr*x** : Ft. y-h 

2©y-H»=*«SntSBl©MOS h7>yX?t. 20 
y-h««jWMEIBi©««fc*iaSft- SSl«ffi*<iffi 

Msn. »««twE»2©y-Hic*tt*nfc*2© 

MOSh7>v^t. SBl« : P*«ttia*3©y-Ft: 

gmsn. » 2 jut-*** 2 ©«»»=*«»* ^fe**®* 

£. y— h««a*ffiB5Bl ©mifst'&^aft. SSl«ffi 
ati»BfB3©/-Fc««an. SB2Sls*<SB4©y- 

a»mE»4©/-H»c««sft. 5 ©y - 

Kc»*snfc3Wtu-j'ia»t. BfrESB5©y-F jo 

[0012] *%^©it*^ 2 7 E«© ATjOSSl*. SB 

i©y-pc*tt-r*A**?£. y-h««a«MESe 
io/-Ki:i«an. in 1 1 

ft. ^mafcitfSto^n-^ ^tt*"**** 
2(oy— F»C8M«aftfcSBl©MOS H5>^X^t, 

y- htfAtNEff 1 ©WBK8MR3 ft. SB 1 
E»l©y-KtC*«Sft. SS2««at?B3©y-HK 

«atsft. a«*»»E»2©y-HK*«sftfc*2© 
8*aaft. »2«T38«»2©««k:»«*ftfcft«fH» 

fc. y— hSffia*fflEsBi©t!ifiK«18Sft. ?SiSffi 
j&MMEJS3©y-KK**Sft. SB2m*i*<SB4©y- 
FK»8iaftfc:SI3©MOS h5>i?X^i. y— h«l 

s««wrE*4©y-Htc*l«*ft. »i««*«»5©y 

-HC««aft. JB2««««(WEJB2©«*»=*«Sft 
fcI4©MOSh7>v^3'i:. y— FS«**tflESS4 
©y-Ftc&$aft. fBl«ffi*s«fctfS«*<SB6©y- 

Hi:»«an. »2*«**ttEfB5©y-Hi=*«*ft 

fcSB5©MOS h7>^^t, A*«ffi*<ffiESB5© 50 
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y-KK:*ttSft. tHa«i*<*7©y-FK:««sft 

fc-f y-h«ffi*<t9EIB7©y-FJC»«! 
aft. «l««JJ«ttE«l©««K**3ft. IB 211 
*tft9ESB 6 © / - F Kiftlft 3 ftfcSB 6 ©M O S F 7 > V s 
y-h««*«i&B«7©y-Kfc«*3ft. IK 
l««*«*IBSB6©y-FtC*tt3ft. SB2«ffi*<ifflE 
»l©ttjRk:*l*aftfcJB7©MOS h7>-^i- 
HE»7©y-HK««*ftfcBl*«*?t**T«ilfc 

[0 0 13] *fc*^^©it*^2 9E«©Am*EIBS 

«. y-h*«jj*»i©y-HiciM«*ft. mum* 1 

«1 ©«»»=*** ft. »2««*«JB2©y-FK:*« 

anfcSBi©Mos h7>yx?t. y-h««a<*3 

©y-FHHMHSft, JBl««« f lWE»2©>'-F«c« 

gsn, ?B2ag*<iB4©y— Ficas^aft. 

□ >{f#jB-c**»5©y-F£*l*Sftfc»2 

c*«aft. SBim«a { MBSB3©y-Fic»^aft. 

^2Sffi**ffiESB4©y — F»C»«aft. SK^WESB 
5©/-FC»l*Sftfc»3©MOS h7>-^?t. 

y- h«***»E* i ©«as»c«E^aft. sbi 

B»4©y-F»c*««ft. SB2Sffi**SB6©y-FlC 
»«SnfcJI4«)MOSh?>^J't. y-h«**< 

iwbsb 3 © y - f tc&iaa ft. sBi««a*fflE*6©y 
-k teaman. *2««3&»iWEW4©y-FK:*«a 

ft. a«*«ME*5©y-HC»«5ftfc*5©MOS 

ft. m*sa^»7©/-Ficsfijaftfc'f >a--^ 

t, y- h«S*iWEIB7©y- FlcSMfcaft. SSH 

aa<SB 2 ©salesman.. sB2«a**SB8©y-F«c 
sj«aftfcSS6©Mos h7>-^^t. y-F«®*< 

JB9©y-F»=**«ft. IB 1 8 ©y-H 

icig&a ft. m 2 taaans i o © y - f ic&*aa n*:SB 
7©mos h7>-^^t. y-ha«^SBi i©y- 
F«:*«aft. tBi«**«iWE»i o©y-K»=»*a 
n, *2«s#ttB*i©y-KK**sftfc»8©M 

OSF7>vX^<fc. y-h««*«t9E»l ©««»=* 

naaft. » i ««*«(»e» i o©y-FK««aft. SB 

2«I*»»E*3(0y-HC*KSftfc»9OMOS F 
7 > 5?X * £ -5 C t £ f 

[0 0 14] 



[5EW©**fi©^ffi] 
SB 1 ©*JS^SI 

0 1 te#f€W©SB 1 ©^S6^fi8©Am73(H!SS*7n-riHlK 
B-C**. 0 1 «C^TAH17j1h1IS1J. LSIf77"Crt 
jgaftT*iO. A*«f INt, -f^-^;UA7J«^E 
Bt, Ul*aiFFOUTt. AfflTjSSFFYPADt. 2A 
7j©NANDy— F 1 <t. 2A73©NORy-F2t. 
PMOS F7>vX^P 1~P 7 <t. NMOSh7>v 
**N1~N5. N7, N9t. -f Wt-* I N V 1 ~ 
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iNV3t*tt5. cwl s i ^y^oi^mnmvD 

Dte. CCtB 3 [V] t-T^.. Affl***YPADlC 
j*. I©LS l?y7<Dn-mzWLV<bWt*l&®1& (0 

PADte. ^|Hl8S^01«)Am^lHl8S«cm^«)E€:A 
T?«5 [V] <h-r*o *fc^ffl!Hl«&^Atti*^YPA 

DicA^-r^ii^«ffi»" h" u-^ni. n-mmmvc 
ci/^ (5 [v] ) ■v$>z*><ot-rz><, 

[0 0 15] NANDy-MIt ^OflA*^ 

jUAasSHFEBCtfatsn. ^©mailKhWsWy-F 
PGC««SnTH4. NOR^-h 2ttt©^l A* 

>A*-^ I NV 1 S^bT-f *—^A*SB^EBH* 
«Sn. *OB*tTiWif''-HNGi:*llShTl> 

[0 0 16] NMOS h^^i-Nlll *-<Z>y-h 

*s*ty-HNGc*«sn. *ov-zffi* { »«« 

IGNDCa»SnTVJ4. NMOSh?>^N2 

>mes*^^YPADic^^n. *©v-x« 

li^NMOS h5>5>X*N IfflKH >«1$ICS^^ 

[0 0 17] NMOS h7>^?N3ll 
%MtM>K-9 1 NV2*^l/TWA«HPOUTC* 

NMOSh7>-/^^N4lt *«y— 
'f Wt-? I NV 3 S^-l/Xy - HNGCRttSn. * 

o f k xi^rt* / - h g 2 ic««a n. 

Xtl^NMOS h7>v J 7.5'N 3© F U"f >%M\Z& 

asnt^s. NMosh?>^N5tt. *©y- 
mffiAV-HPGtc^^n. *©v-x««**/-f 

G 2 CSi^nt^S. NMOS h5>^X^N9(J. 

— H G 1 c»«snTv>*. 

[0 0 18] PMOSh7>^?Pltt- -?-©y— F 
M*»y-FPGC»KSn. *ov-^««*«rt»« 
flEVDDICttttSn. *®FW >«ffitt«S5/-HS 
lC««tSnTV»*. PMOSh?>^P2tt. 

y-ms^-FGiicwiian. *©Hu-r>«« 
^Am^sa^YPADicBitt^n. 

— FSKfelKSnT^S. PMOSh7>yX^P3 

«. *oy-niii«y-HG i icflsissn. *©v- 

FSI=*»lSnTV»«. PMOS h7/v 
**P4tt. *©y-h«S**rt»««tVDDlC««S 

n. kh FGiic*«an. *©v— x 
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MtfAfflaa^YDADHttttSnT^S. PMOS 
h7>yX?P5ll *©y-h«i38«rt«««VDD 

[0 0 19] NMOS h7>-/X^N7ll -?-©y— F 
-f >««*fcttV-XM) ^Affl^SS^Y PAD 
SI) *tffi*il|^OUTlC»**nTH*. PMOSF7 

n. *©Sgi®« (KKvtlifcttv-Alffi) # 
atfj*FFOUTic*l*sn. ^2fi (v-xii 
*fcttHw-f>m«) ffABftiWY pad icftja^ n 

TH*. PMOS h7>vX?P 6 14. ^©y-hfl 
*5j;tJty-X««^l*385«aaVDDC»J!S$n. FH 

>sffiaim*«s^ouTic«ia3ftT^£. 

[0 0 2 0] PMOSF7>v^^P2. P3. P4. 

P5, (S«) Bic^BK^nrv^ 

5, ;c7D-f^i'AWBIi, rtSB^MVDDii 

PMOSh7>^^P3*±tfP50F 
U-f >SlH7D-7-f >y/N*;U^BlCg5^3nTVi 

s. pmos h?>5>x^p i uitfp eoyufttrt 

»*«VDDfc:*«SnTiJO. NMOSF7>-/X? 
N1~N5. N7. N90Dn;l/^tt»flfi«aSGNDJCSE 

[00 2 1 ] XU**fYPADCI4. PMOSh7> 
yX?P2©FK>fIi. P4. P 5 C0S-V-7.fi 
St. P7©I2iIi:, NMOSh7>-^^N2© 
30 HW N7ffl^lfIi:« t 8i^*ltM. 
y_ KPGlCte. NAND-7*— F 1 ©fflM^t. PM 
OS(-7>^^Pl®^-^St. NMOSh7> 

i?x?N 5 (o F i^-f >tit*'»RsnTt>5. y-H 

NGICte. NORy-H2Ctti**Ft. -f >A'-* I 
NV3©A^»fi:. NMO S F 5 >> ? X^ N 1 ©y- 
h«ffit^»iK$nTV^. /-FGlfctt. PMOS 
h7>v ? 7.^P2. P3, P 7<75€-y- F«&<h. PM 
OSF7>yX?P4»FK>SIt- NMOSF7 

40 G2Ctt. NMOS h?>5?X*N5<©V-X«*i. 
N4, N 9 ©ft F U"f >«ffiiJWSifc3*VClr>£. / — 
FSCtt. PMOSF7>vX?Pl©HW>ii 

t, P2, P3©sy-xsit«snt^5. m 

^agTOUTlCli. <>A-^INV2©A^ft- 
PMOSF7>yX^P6CDFK>iIt. P7©I 
lilt, NMOSh7>xXJ'N7ffli2fg^i 

[0 0 2 2] #cc. 0 l \zm-t\tiiti®&e>$hft&MW 
50 fPbfci^eB/lf^^'f 5>^0t»O. (a) i5.fctf 
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"(b) \*&m<nmi£tiiB> (o 

-r. 0 1 roAtii^isJSSte. -f^-^A^SfEBr 

-L" U^;KZ)<fc£, 0?j*Lfc^85lE!B&A>5AttI:friS : f- 
YPADi:A*Snfcffl^SliiAS8fOUT^6[iJW 

h" i^;u©<h£. AtjJS^ i NKA*anfc«*» 

£ A m ti SS T Y P A D *><E> til 2l f 5 ffi *J 13 SS £ U T » f£ 
[0 0 2 3] *-f. -f^-^AAiSfEBr L" 1/ 

(o [v] ) teases nt^ zt&vWi if£ &wtw? 

■5. NANDy-M©!MWm/-HPGIf 
H" l/^JU (3 [V] ) tits.Z><D-Q. PMOSh7>-/ 
X?PlBOFFHl>5. -f >/t-* I NVKOffi* 
«" H" l/'^.h&O, NORy-h2fflliSWfeb^ 
y _ pNGtl" L" l/^l-.fcfc^roT. NMOSh5> 
-;x?Nl«OFFl/t^5. *fe-r^— ~?h\-hW? 

EBi!" L" U^I/fcGDT. NMOSh7>^^N5 
(iOFFLTl>5. /-HNGr L" U-^fcOT-. 

^ > A '— ^ i nv 3 wtti^j«" h" w^u-tteo. 

K^ONMOS h7>vX^N4BONLW?>. 
[0 0 2 4] CW«fc-5tC-f ^— ^A^SS^EB^" 
L" Vs<)V<r>tiZ. PMOSh7>-^X^Pl - NMO 
Sh7>yX^Nllii:fcl:OFFLT*3t). Aiiffi? 

tp_^>X (Am^SS'fYPAD^eAtiB^lHlBSffiS:^, 

TArtlHJI&tLTfiifrf m^SS^Y P ADfiiS 

[0 0 2 5] Affi73«^YPAD*i" L" (0 
[V] ) £><fc#. NMOS h^>> J X^N 7liONLT 

OUTr L" P^^^CD-P. -f >A*-^ I NV2com 

h" u^uut&o, cni:<k()NMOsh7>^ 

X^N3«ONUTfcO, SfcN4feONl/W5. N 
MOS h?>^N3*J:tfN4A«ONlTl>4® 

y — H G 2 li" L " l/^Jl/i&otHS. /— FG 
2A<" L" U^Ufc©-?. NMOSh5>->'X^N9A« 
ONLTfcCK ^tlKcfcOZ-FG ltt" L" 

[0 0 2 6] ^CAtBTji&^YPADtf" L" 
^nOTIVCCl/^ (5 [V] ) \Z3£it-?Z>£* m 

T> UJ^OffflWbrofc*, PMOSh7>v^©L-^ 
t^Sffi««6*tfltt. NMOS h7>v ? X^©b#tiM 

[0 0 2 7] Attl^^YPAD^V t h.£T±#-r* 
t% y— HG1*<" L" l/^J^OT. PMOSh7> 
i?X?P 7A^->ONt?>. tfeNMOSh7>-^ 
?N7(1 AfflMfYPAD©itA<3 [V] -V t 
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hKATTfc-StffONbTfc'K 3 [V] -Vtn«± 
tft5t?->OFFt5. t£oT. AttJTJifH^YPA 
D#3 [V] *"C±#Lfei:^. PMOSh?^* 
P 7*5<fctfNMOS h7>'^^N 7 ICJ;0. tt5*>Si8^ 

out«3 [v] -v t hv\tu< 3 [V] 

5. 

[0 0 2 8] SfeAMfYPAD*!VthiT±# 
■fSi:. /-KG1A'" L" UsOlUW* PMOSh 
7>-/^^P2A^->ONt5. PMOSh7>vX 
10 2ro*->ONtC e k9, y - F S fctAffiTjSg^ Y P 
ADtl^i;«fi:«C±#U. CtllCfcO PMOS h7>v 
X^P3fe^->ONt5. PMOSh7>yX?P2 
i$&ZfP 3©^->ONtCi:0, 7D-f^W9 

b & a ffi * sffi^ y p a d t m c m& t U Z> . 

[0 0 2 9] Am*«^YPAD*icfc^ai7Jffl^OUT 
#3 [V] tCJiff-TSt. -f >A*-^ I NV2©ffi73 

NMOSh7>-^7.^N3i!l^->OFFt5. 
;-KGltt" L " U^KZ)$STJi5. 
j0 [0 0 3 0] a&fcAffla*PYPAD<D«(fcat3 

[V] +V t hlC-tlTTSt. PMOSh7>-^P 
4*5<fctfP 5 A^ — >ONt5. PMOSh7>vX? 

P4(D:$ ,_ > oNir<fcD, y-HGin" l" 
eAWrtiS^Y padm^ - f s tmemmzmit 

-T-5. /-HG 1 tAlfl*WYPADt#m;tttK 
f£ZZ\Z:\Z£0, PM0Sh7^X^P7^->0 
/-HGlta**FYPADi*«PlCHt 
ICft^Ctlc^O. PMOSh7>yX^P2i5J:i;P 
3^->OFFt5. SfcPMOS h^>v 7 X^P 5 

Atii*!®^ y p ad tm 

[0 0 3 1 ] * l/T, Affl*afY P AD*^*5Wlcn 
gpminm)EvccW"^;i' (5 [V] ) i&ofct*. 7 
p_ f/f >y A -MB. /-HGl*±^70-f^> 
^AMB%5 [V] t)Ut>. PMOSF5> 

v^X^P 7^->OFFT6«C fflTjig^OUTtf) 
mffi* { 3 [V] +V t h J;0 fcSi<^-3^:t#«C«. P 
MOS h7>-^A?P 6W->ONl/, CWP6lC£ 
Sl®*|6]^'f ^-FtCfcO. Hi73Sai^OUTcDfift£3 
40 [V] +V t hlC^9>^ > "T-5. 

[0 0 3 2] ±te©«t^lC, -f ^UAflSSfEB 
=" L" U"WC»9. AtB^^YP AD#5 [V] 
T&S<h^, PM0SK7>-/A?P2*5<kt;P3A<0 
FFlTV^CtCtt). PMOSh7>y^^Pl« 
HK>ii (/— HS) tt/N'f -f>fcf— y>Xt^o 

t*30. y — Ks^itfPMOs h7>-^^p iron 

j^SILT, Am*«8f-YP AD^6F*J««ilgVDD 

>^A*;U^B«F»385SiiSVDDICf±^LT^^^(7) 
5<? T. PMOSh7>^^P2©Kl"f>S«. *5«t^ 
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P4, P5C*V-Xlit*LT7D-f-f>^l' 
A'-? I NV2rt88£>@^bfct^MOS h7>-^^® 

y-nic«83nT*t). /vr-f >K-^>x*fc 
A*;u^t«jJ»A-r Tx^nxfco. nichk^W 

O U T G N D (C'J - 2 M*«»ftT b * 5 
[0 0 3 3] &\Z. -f*-^X*iTEBr H" b 

(3 [v] > tcttjeanT^afcSfflttfpsKE"*" 

[0 0 3 4] AMflNr L" b'S* (0 [V] ) 
OTi^ti. NANDy-h l©HI*t&*>«/-HPG 
tt" H" U^tft5<OT, PMOSh5>^?Pl 
HOFFH^S. ifcNORy-h2©ai*t6t>% 
y-FNGW:" H" NMOSh7> 
•>*X^NlBONltV>5. ftoTXWAlTYPAD 
«" L" U^JW (0 [V] ) fcftoT^i. 

[0 0 3 5] ADJ^SSfYPAD*?" L" U"Wfc© 
■p, NMOSh7>^?N7ttONLT*0. cnic 
«fc0m73^OUT«" L" l/^tfttJTV>5. -f > 
A — 3? I NV2 03tii7JT£c£>l3^ — HOUTNU" H" 

(3 [v] ) ttesro-e, NMOSh7>> 7 x^ 

N3BONUTH5. Sfc7-FNG W H" W"W«t 
<D-e. -f >A— ^ I NV 3<Dtiitlit" L" U^)l~CS> 
0. ftoTNIIOS h?>^^N4ttOFFLTV> 
a. *fc-f*-^A*«ffEBr H" 

■c. nmos h7>-^^N5©y-xiata^^ 

-KG2«m(4«3 [V] -Vtht6D. SfcNMO 
S h 7 >vX ^ N 9 ffl V-Xilt*t»% / - H G 1<D 
mfe«3 [V] -VthtftoT^S. J— FGl*3<fc 
ytrtffl«aSVDD«Ofli&^Xm*S8^YPAD<7)«fiC«t 
OfcSi^ro-C. PMOS h7>-^X^P 2. P4, P 
5, P 7 tiOF F /-HSOlttt3 [V] 

-VthKTtftot^O, PMOSh7>v^^P3 
tiOFF 

[0 0 3 6] -AlCXta®? I N«r" L" WO\>fr*>" 
H" W^;HC^k$-e--5xh. NANDy-HWlUM 

^a/-HPGir h" l" u^;nc 

^{kb-raO-C, PMOSh7>^?Pl^->° 
NU NMOSh7>^^N5t)^->ONn. * 
fcNORy-h2rom7Jl±" H" L" K£4tb. 

y_KNGtt" L" WOlttzQ. NMOSh7>'^ 
^Nlli^->OFFT5. $fc/-KNGA»" L" b 
^;W<h&5<!:. -f >A'— ? I NV3CBJW. " L" b 

^;w*>t>" h" b^nc&fcu cnaoNMOSh 
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N4. N5<0^ — >ON»C«fc0. /-HG2«" L" b 

->ONb. y-HGlfe" L" WV£tS.Z>. 

[0 0 3 7] $tPMOSh7>^?Pl«)?->0 
NlCfcO. /-HS*»rt*««VDDl^«JV (3 

[V] ) fcfc*. ;-HGltt" L" P 
MOS h?>3?**p 2**tfP 3tt*->ONT«. 
PMOSh7>^?P2C^->ONl:J:0, AttiTJ 
W ^fYPADli" L" U'<JU*^(*lSBmilSVDDU'^;U 

(3 [V] ) IC±#-T*. *fcPMOSh?>^^P 

\3.Pi&nmvDDi"<)i (3 [v] ) ic±#-ra. pm 

&£3 [V] £T-5S§HtC-t#£-ti:. PMOSh5>^ 

[0 0 3 8] A^SfYPADA'V t hKiJM"* 
PMOSh7>^^P7*^->ONl, AUi* 
20 JfFYPAD*«rt»tIVDDl/^ (3 [V] ) \Z± 
ASSIST OUT &l*3ffi«ilIVDDb'<Jl<' (3 
[V] ) (C±#?-b. cnC±DNMOSh5>^N 
7«^->OFFT-2>. *fc-f >/X-^ INV2 0W* 

t&toty-KOUTNB" l " b-^ncSEfcT*© 

-C, NMOSh7>^^N3IW->OFFn. b 
*>U /-FGlli" L" w-<;kd 

[0 0 3 9] 3 **ltf. AW 

7ji®TYPADlC5 [V] #A73£nfc<h#. NMOS 
h 7 >y X ^ N 7 t*»t?ttrt»SIV D D (3 
30 [Vj ) *T?±#1i-r. tH73^0UT»C^3nart 

Sr. 7D-f-f >y^^Bl:fS!(l/fcPMOSh7> 
3>X*P7K:J:0. m^SS^OUTSrrtfflftiUVDD* 

>&JEft\zmz?Z.£tf-C$Z. Sfc. AffiflSS^YP 
ADlcWa5^iSVDD».±©®lE* t A73$nTt). PM 
OSh7>yX^P7*«OFFT5©t, ffiTjSai^ OU 
T«rt»S«VDDU'<;i'tft^. ^2 (c) \Z 

^-Tct^lC. AtB*JfcH* (AW^SS^YPAD) ©SEtS 

®sgvDD^roe^<£«n&*«f££b&^<> 
[0040] <!«. mzsmji=3 vfc^bT, *vs&a?j= 

[0041] ^2<ommmm 

m 3 \±*&we>m 2 »ms^siwai73iHisssr^-riHiss0 
-c$>*. 0 3ii*-rm*[HiK«. ls i^v^iznmz 

nx*jo. AAffif INt. -f ^-y;i/A73^EB 
<h. mTJ^OUTt. 2 A73©N AND-7*— hit. 
SO 2AMNORy-h2t> PMOSh7>yA?Pl 
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~P5i, NMOSh?>^NliitfN3i, -f 
> A '_^ I NV 1 *5<fctf I NV 2 COLS 
. I ^y7©rt»«*VDDtt«Atf 3 [V] -c**. m 

m^-r'&fc*^^^*^- couauB^ouTictt. 

s cv] <DHwmmvcciz&tiiznt= 

0. BJAiTOUT6«*tf5 [V] C^7ym 
[0 0 4 2] NANDy-HIt ^©!8 1 XtiWrflfi 

PGCiKSnTli*. NORy-h2«, -tOS 1 A 

^yn—M, i NV 1 ^L,T-f EBK 
^$n, *©W**Wl*«/-KNGfc*«3nT 
-f>A'-?INV2ll ^©A^SaR^ti^^ 
OUTCa^tl. *OU**^««rt«/-HOUTN 

[0 0 4 3] NMOSh7>"WNllt ■€■©•>* h - 
M*V-FNGfc:*tt4n. tOHW^WW* 

Dl:g8tSntW5. NMOSh7>vX?N3B. ■* 

ro y_ h ^ S av-KouTNKi&if8sn> ^ofh 
ia^as g n d gsse 2 nx ^ . 

[0 0 4 4] PMOSh7>-^^PKt ^©V-h 

c*«an-rv»*. pMosh?>s>x*P2tt. *© 
y-hms*v-HGics^5n. f©FK>iffi* ! 

l:S83ntV>5. PMOSh7>-^^P3tt. 

y-hmsav-FGicis^sn. t«)v-xss*v 

W^^OUTlCSfigSnT^-5. PMOSh7>^X 
•5. 

[0 0 4 5] PMOS h7>->***P 2, P3. P4, 

««tGND©V»m«Ct.*«*nT^av»N">x;WT?* 
•5. PMOSh?>-^P3iJ:tfP5CHK>« 
g|J7n-f-f >^;^UirBK«ll*nTV»*. PMO 
S t-7>-^i'P l<0A;b^»4rt«*»VDD»C«atS 
nT430. NMOSh?^?Nl6J:tfN3©W 
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g n d \zrnm. 2 nx v . 

[0 0 4 6] ffiTJig^OU-ncte. PMOSh7>^ 
^P2WKl/'f>t®t. P4. P5©&V-7.^§S 
NMOShS^JNlfflFH^it. < > 
x NV2 0X7J^i:*<S1^2nTV^. /-F 
GCtt. PMOSF7>-^?P2. P3©§y-hl 
P4fflKH>tSt- NMOSh5>> ? X^N 

PMOSb7>^^Pl®HH>tfSi:. P2. P 
3©&V-Xtli:^a$nxv^. /-FOUTN 
IC«> -fW<-i'INV2©liJ*«ft. PMOSh7 

[0 0 4 7] ^ClC 133 \ZyRl,fttiittmf&(DW)^Um 

-r*. H4ttH3k:*-rm*iatt«)»^ > f 0x? 

$,0. (a) li&8B©mJ£ifc^ (b) ttSSiSt* 

(0 [V] ) trS3e$nTl»*i:€©lfl^ ; £tJl^T-5. 
NANDy-H«ffiM4^/-HPGB" H" W 

9 ^n- (3 [v] ) <hft3©x?, pmosF7>^x^p 

HJOFFl/XM. fcfc-f >/t— £HNVl©HMl 
t±" H" U-^Jl/t^D. NORy-h2©UlM^ 
/-FNGte" L" U^UV<h&3©X!\ NMOSh7> 
y'Xi'NlHOFFlXM. C©A5C'f*-^l'A 
^gfEBA?" L" U"W©£*»4. PMOSh7>v> 
^Pl, NMOSh7>^X^Nltttfel:OFFb 

W VCCI/^ (5 [V] ) iitz*. 

[0 0 4 8] ffi*SSfOUTi)5 5 [V] &©XN -f >A* 
-?INV2ClB*tftti%>'-POUTNB" L" U 
^l/tftoX*3 0, NMOS F7>^^N3liOFF 
/-HOUTNtt" L " l^;UX?ife>3. ttiTj 
gfOUTA<5 [V] &©X?, PMOSh7>yX^P 
4HONbX*3 0. y-HG©lfiBai*afOUTt 
HUB [V] KttoTH*. *fctti*SS^OUT**5 

[v] &©x?. tcDy-hti^OTiv 00 (3 

[V] ) C»KSnTM«PMOSh5>^*'P58 

{4«m^^OUTtl^U 5 [V] CfctjTH*. 
[0 0 4 9] U»i : FOUT*J:tf/-t ! GO«fi««fc 
t>tC5 [V] &©XN PMOSh7>-^i'P2liOF 

A';l/?B<Dm<4#<i:*>IC5 [V] &©X?. PMOS 1-7 
>-/X? P3t)OFF UX^5. 
[0 0 5 0] PMOSh?>y^P2*WP3*«0 
FFLXO^rtlCfcO. PMOS h7>vX?P 1© 

50 T*30. ;-HS*J:tfPMOSh7>^Pl^ 
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PMOSh7>-^P2Ch-K>. i3«fctfP4. P 

^>;^INV20X*am -f>A*-*INV2 
l*|gBtf)E^b&V>MOS h9>^^^WV-^«® ,c ^ 

NMOS h?>^N10KH>i:^i:ttaW /0 
-fJXSntfeO. NIOKH >««t>A-f-f >tr— 

[0 0 5 1] -f*-^X*JITEBr H" U 

*w (3 [v] ) c««snTv»*fc*»fP*wwr 
*. ArtSfrfiN**" l" (0 [V] ) <Z><b£. 

NANDy-h 1 ©HWrr**>"&>'-FPGtt" H" W 
(3 [V] ) tftO. PMOS h7>-^^P ll * 
OFFLTV^. NORy-h2©ffl*Ttt*5^/-H 
NG«" H" VO^tts.*). NMOSh7>vX^Nl 20 

;u (0 [v] ) taoti>5. 
[0 0 5 2] -f 1 NV2com*-r^t)^y-K 

OUTNtt" H" (3 [V] ) Tifc*. /-HO 

UTN r H" l^;Vfc«>Tv NMOSh5>-^*N 
3|JONIT*50, SfcPMOSl>7>^P4ttO 

BAJBfOUTfcy-HGWttC" L" ■ W< 
JV&©T. PMOSh7>^P2ilOFFW 
5. y-HSMfittVthP;Ti:ftotl50, PMO 30 
Sh?>^^P3ttOFFl/Tt»S (ffl*ifOUT 

*r L " u-^;u<hfcofc<i:£. ;-HS©«(WVth 
PMOSb5>^P2. P3# 

ON - H scitttv t h tt»TS*. 

tP 2, p 3 7jt^->OF FT-5) . *fclH**^OU 

OFF UT^-So 

[0 0 5 3] 3cfcA*WFINft" L " is1)Vfr<b" 
H" U^^^^fc^-S^i. NANDi'-MOBW 
a^/-FPGIf H" U"UU*>6" L" l^HC* 40 
<tU PMOS h7>'^P UW->ONtS. * 
fcNORy-h2©U*tft^>'-HNGtt" H" * 

b" l" ic£ft:u NMOSh7>^?Nia?-> 

OFFtS. 

[0 0 5 4] PMOSh7>^Pl^-> ONt 
•5<h. /-HS^SWVDDK* (3 [V] ) t 
teZ^ y-HG«" L" l/-;^^ro-e. PMOSh7> 
vX^P 2*5j;tfP 3l^->ONf5. PMOSh^ 
>v7.*P 2«^->ONlC«tO. tBJjSS^OUTte" 
L" U^WA^rtWSilSVDDU^W (3 [V] ) K± 50 
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#T*o tfcPMOS h5>^P 3W->ONC 
i0 7D _ f ^ >^A;Ui7BOm(i!:«l*3aCmi!iVDD 

U"<;U (3 [V] ) lC_h#-r*. PMOSh7>'/^ 

7o-f-f>^WBroifi*3 [v] *-e 

5g*tr±#$-&. PMOS h7>v>X*P 2©idf^*«t 

[0 0 5 5] B*«TOUT*WWIVDDI/^ 
(3 [V] ) K±*-T4£. <WWINV2ffl(B* 

Ci0NMOSh5>^?N3^->OFFU * 
fcPMOS h?>^*P4««*->ONt*. PMO 

" l" ^jns»6a*«TouTtni;«ttK:-t 
#-rs. /-KGtm*iB^ouTt«<Bn;miti=*-3 

fcCtlCfcO, PMOSh?^P2»W p3tt 
^->OFFt5. 

[0 0 5 6] cco;&<h. y;W7-yyffitn:R i lc«kD, ffi 
^OUTtt»*WVCCI/^ (5 [V] ) *T 

±*-r*. tti^^ouT^5 [v] tftst. /-f 

Gfc5 [V] £13.*. tftPMOSh5>y^P6*« 

[V] tfc*. 

[0 0 5 7] -f*-^X*»EB-" H" U"WC 

A73«^IN = " H" T?**i*Ktt. ±C-f* 

-y;VA73»^EB=" L" U"?;KOt*i:|B|»»=. p 
MOSh7>^P2MtfP3A'OFFbmc 

tlCfcO. PMOSh7>-^^Pl©HH>«i 

FS*i<fctfPMOS h5>^?P lflrtHSai^ 
T. ffl**^OUTA»6rt«««VDDKU-i'««* f 

ttrt««|RVDDICtt*«UTV»«Hr»©Tr. PMOSh 
7>-WP20HW/ *5£tfP4. P5CV-X 

I N V 2 <DA7jS8^«. -f >A-* I N V 2 
IS^MOS^^^^^-^^ 2 ^ 
0. A-f-f ^XittoTH*. *fcNMOSh 

7>->x^n i © k k >t ts«M7x$n 

,tl»S. Set, ffl2ji*FOUTa»&tttt*WGND 

ic u -^meitA^nT l-* e> n t fcfc^. 

[0 0 5 8] £©J:3»r»2©*lfi»ttfcJ:ntf. IB* 

CCl,^ (5 [V] ) t^S^ta^fflE^^ai^iA^ 
&*te38£LfcV>. 5 [V] -CBMFT*** 
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HEEVTH (2. 5 [V] ) STttWfKftfFe*. * 
aj|El88«C*5lt-5VIH (3. 5 [V] ) 

Tfc. JtBOVTH*TI4*Ji»fP'*"«^t* f T?**fc 
[0 0 5 9] «. «i0g«ffi=3VlC^bT. *V8BAfi = 

[0 0 6 0] ^3roiiSfi^fil 

H5tt*5SW©m3©*JS»«l©m^lHlB&«:75-riiI8SBI /0 

<h, m*«8^0UTt. 2 AACNANDy- h 1 <t. 
2A^NORy-h2i. PMOSh7>^Pl 
~P5£. NMOSh7>^X^Nl*5J:^N3t. -f 
>A-^INVl^y : INV2t. HHlBDLli: 
ft#-r*. HJ**TOUTCI4^7'^«fiR l* 1 * 
^$ntV»5. H5KH3V»T, 0 3 t«ffi-r^>8K»lwO 

[ o o 6 i ] 0 5 izfB-rmttmmt. m 3 ©hs^ihissjc 20 

fe ^ T , ;-HOUTNtPMOSh7>^^P4ffl 

a. PMosh7>yx^P4ffly-htffin/-t I o 

5;-HSOUTNDi:t5. 
[0 0 6 2] L 1 li. ^-fflATjSSf *V - b* 

OUTN»C*t»*n. ^OIB^V-KOUTND 

ic^sntfeo, /-KouTwr h" 

[0 0 6 3] *KlH5lca%Ufcm*lHltt®»ff*«^ 

So H6te0 5K*-fffl*i3K}roii)fi^-r s>yia-c* 

0. (a) (b) 
*r l" wovfr*>" h" W"<;uc*flrt"* 

[0 0 6 4] AMflN* 1 " L" WVfr*>" H" P 
^H=*<fcU BJ*JPOUTl)»l«J»tIVDDU^ 
(3 [V] ) lC±#-t£<!:. -fWWINV2©ffl* 

tft^y-HouTNir h" i^u^s" L" 

;HC*fcU NMOS h7>-^N31W->OFF 
[0 0 6 5] SillUS&DL ltt. /-KOUTN**" 

/-houtnds" h" L" U^HCS 

fcStt*. ^T. PMOSh7>WP4B. NM 50 



os h?>s>*$'N3<D*->oFFfcra*«;:*->o 

y-HOUTNW" L" l/^KOW?.. 

IB»2©*lS»fR<fc0*». PMOSh7>^P4*< 
^->ONT4M5>^KftO. ftoTPMOS 
h7>y^?P2, P3*^->OFFtSi"f5>y 

[0 0 6 6] d<D«fc^«C^3W*ffi^SitC«fcntf. IS 2 
©*M.»ffll©a*l=»A.. y-HOUTNiPMOS h 
7>^X?P4©y- H«ffit05iaJwjlffilHlKDL 1 £ 

MOS h7>v?^^P4*»OFFUTV»*«rlH***»= 

MOS h5>yx^P 2**ONbTH*l»in**<"*"* 

[0 0 6 7] ^4C0^Jfi^ 

B 7 te#%BJl©f&4 ©3)||6»tt©Hi*ia»*w«-ia»H 

<h. mTlffl^OUTi:. 2 A7JCONANDV- h 1 
2AA0NORy-b2i:. PMOSh7>^Pl 
~P7t, NMOSh7>'/X3'Nl~N4. N 7 i. 
^ >A '_^INVH5J;tfINV2tS*t5. tB7j3$ 
TOUTi:tt^7y7 , ftSR l«Sntl>5. 12 

[0068] 0 7»c*-rm^tii8S«. ms(Dthtim^z 

ti^T, NMOSh7>v^N2. N4. N7i, P 
MOS>7>^P6> P7fc*Rit. PMOSb7 
>y^P4©y-ht. ;-HOUTNTIift<, N 
MOSh7>yx^N3©^^>fffiCSsa^^*>® 
NMOSt-7>-^N3fflHK>fffiiP 

mos h7>yx^P4©y- hmffittc^rs/ — 

KSS P 4 <h-t£> = 

[0 0 6 9] NMOS h7>'^A?N 211. *©y— b 

ti««rtOT»vDDC»««n. k U"f 

h7>^^Nl©KH>S«i:»««W 114 - N 
MOS h?>5>**N l©l«W>H|II4U»*fOU 
TICtt*«Sn-Cl»tt^. NMOSh7>vX?N4 

y-FSP4lcS^^nTV^. NMOSh7>-^A? 
N 3 © H U"f >«itt/-HGKtt««Snrir»ttV>. 
[0 0 7 0] NMOSh7>-/X?N7fe^PMOS 
h7^X?P7(t tt>KHJ*J»OUTt'f>rt- 
* I NV20A*«i ; 3 t t«)IBI«C»»t6*xT^*. -f 

I NV2WA73^?«> Bl*«hFOUTKi4««a 
nxt>&U. INV2fl)A*i ; fC»*t4>'-HSY 
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ir*. PMosh7>-^?P6it *<Dy-bm® 

;-HYi:*«snTv>s. croy-ft- F& 
^ntPMOSh7>yX?P6ll y-HY*<rt» 
!IVDDJ;OfiifiT?S5EOOFFUfciSt?» 

a. ^ L 

[0 0 7 1] NMOS h5>^^N7li. *-©y- F 

tt ^©y-hfcsav- FGlcfcffcStt. ^fflSiS 
i(FH >««*fcttV-*«« FY KM* 

[0 0 7 2] IflAlfOUTCH PMOSh?^ 
?P2<»HH>tIi- P4. P5©#V-X«* 
fc, P7fflS2fIi. NMOSt-7>vX5'N2fflK 

-HGCtt. PMOSh5>yX?P2. P3. P7® 
^y-hm@t. P40FK>tlt. NMOSh7 
>-?7^N4©h'K> 1 6Sti , flfKa^t^5. y — 
HOUTNCB. -f >A-^INV2 0lH*JiTi. N 
MOS h5>i?**N3©y-h«*£**««SnTV» 

•6. _ 

[0073] *tr. 12 7 K^-rm^ms&roiJjfP^ift^T 
o. (a) tt#»©mffi*». Cb) 
(o [v] ) icK)e*nTv»*fc«©iiifP*i*wi"a. 

NANDy-H«UlM^y-HPGtt" H" U 
(3 [V] ) PMOS F5>S?X*P 

lttOFFUTl>*. SfcNORy-^OTtHTJ-ffcfr 

%y-KNGB" l" u^i^te*©"*?. NMO S 

>y^^NlttOFFLW5. iCt^t'f*-^ 
AftJIfEBr L" W*;K0£:*. PMOSh?>J> 
^Pl. NMOSh7>^^Nllltt)l:OFFL 

fYPAD«S^>e-J'>Xtft5. £©<t#. 
dfOUTB. J|.»0^7y^ttJftRlCif< *V8B 
ffiVCCU^ (5 [V] ) tfe*. ffl^OUT 
«ts [V] ;-HSP40tttttVDD-Vt 

P4teONLT*59. /— FGOm^tttH^SSfOUT 
tHD6 [V] Cftotl>S. *fclU73«8^0UT*t5 
[V] fr©T. PMOS h7>-^?P 5teONUT*3 

TOUTtHU5 [V] Kftr?T^£. WTjSg^OUT 

tsjcocy-FGODttte^tfeKS [v] &<ot. pmo 

Sh7>-^P2ttOFFl/Tt»5. £fcHS2jSg : fO 
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[V] PMOSh7>-^P3t)OFFLT 

[0 0 7 4] U*JITOUT*J:tf/-HG«tS [V]^ 
PMOSh?>^P7*itfNMOSh5 
>yX^N7lii:feCOFFltl>?>. tiJTjSSTOUT 
#5 [V] lC±#rr*£2. PMOSh7>-^P7 
B/-HYS3 [V] *T±#SttT*»&OFF'r*0> 
■C, /-HYB3 [V] «oT'f>A-j'IN 

oTfcO. NMOSh7>-/X^N3BOFFW 
4# /_KG©«&#5 [V] 4fflT, NMOSh7> 
N4fflV-^titftb%/- P4©ttB 
5 [V] -2Vthtft7t^5, 
[0 0 7 5] ±12© ±31::. -f*-^*tTBB 

3&t" l" u^;nc»3esnTv>at*. PMOSh^> 

j;X^P2*AO t P3*lOFFLTV»6utCA0. P 
MO S h 5 >vX^ P 1 © H U'f >ti (7— FS) 14 

20 OS h5>vX^P 1 OAV^Sl^t, Affi^^Y 

p a d*^ rtg&^ai v d d icj - z mmttmnx u * 3 

DDCtt*«UTV»ftV»©Tf. PMOSh7>yX?P 
2 © F U"f *5*^P4. P5©&V-xmffi£ 

-drm«a«8MvCl/*3££t>fc<r». *fc-f >A-* I 
NV2©A*lS^«. >f>^lNV2rtf©B*l 

0. /vf-f >K-y>^t4oTV>8. ifcNMOSb 
30 v y * N 1 © F U -f > <t / <h ttifi AM 7XStl 

, T l>5. ftoT, BAiTOUTfr6iiMGND 

[0 0 7 6] <f*-'7-M*fTEBr H" 1/ 

(3 [v] ) ic«jEsnTv»afc*©»^*»lW^ 

S. Wl^INr L" l/^il/ (0 [V] ) 

H" U^;U£^-5©T. PMOSh7>^?PlBO 
FFltM. ifcNORy-b2©UlM^;- 
40 KNGli" H" WObtttZW. NMOSb7>vX 
?NlBONtW5. ffioTffl^OUTB" L" 
(0 [V] ) tftoT^S. 
[0 0 7 7] m73^0UT^" L" U^UUfc©T. N 
MOSh7>v^^N7BONLTl30. dtltCfcO/ 
— FY 14" L" KJl'tftoTl^. OA-^INV 
2©ltl7]tft^/-KOUTNB" H" l^U (3 
[V] ) tftSCDt. NMOS h^>-^X^N 3BON 
UT*59. SfcN4feONl/Tl'>5. NMOSh7>'/ 
X^N3i3<k^N4*'ONlT^4fl)T. / — FG*5«k 
50 y:/-HSP4Btfclc" L" l/^tftot^5. y 
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-KGtfflMfOUT»<tfelC H l" ut* (0 

[V] ) ftW-C. PMOS t-7>^?P2> P4. P 
-5, P7SOFFLT^5. Sfc/-HS«tttBV t 

htTFt&oTfcO. PMOSh?>^P3*OF 

F L/T^&o 

[0 0 7 8] *(CA*>iSHM N£" L" U^;U^<E>" 

h" u-cjuKXfcsttat' NANDy-hirom^T 
>ife*./-HPG«" h" L" U^JHC^ 

£{fc;U y-HNGB" L" l^;W£:fc9. NMOSh 
5>^^Nltt?->OFFt5. 
[0 0 7 9] PMOSI-7>^^Pl®^->ONi: 
j. 0% y-KS^rtSBmilSVDDW^ (3 [V] ) t 

y - kg li" l " u^jvfcro-e. pmosH7> 

yxi'P2*J:tfP3Bi'->ON«. PMOSF7 
>J?^^P 2©^->ONK±0. fflTjig^OUTte" 
L" U-^^SrtaBWWVDDW^U (3 [V] ) (C± 
#-T-5o SfcPMOSh7>vX^P3ffl^->ONC 
£0. 7D-f > WJBCtttlWBMVDD 20 

woi (3 [v] ) tc_L#T*. 

[0 0 8 0] OUT**V t hlC±#f £<h. P 

MOSh?>^P4. P7W->ONU y-H 
Y<Z>®&«. IHiJiTOUTtHUCM. /-KGte 
NMOSh7>^^N3WFFt5^f" L" 

jn^7>^n5. $6(cffi^«aTouT*3<fc^y- 

HG**rtW«ilSW'^ (3 [V] ) «C±#-f5<h. -f > 
A'-^ I N V 2 OlBMafe^ / - H OU T N^" L" 
Ix^JKC^-ffc-r^WC. NMOSh7>-^?N3B? 
->OFFt4. NM0Sh7^i'N3O^->0 31 
FF£±0, y-HGCtttiilflAiWUTiBta 
[V] <!:ft0. cniCiO. PMOS h7>-/X5-P 7 
^->OFFl--5. $fc^S8f/-HSP4©lfi! 
fi3 [V] -vthtSS. y-HGty-HSOttt 

tmVlZt3.2><D-C. PMOSh7>y^^P2. P3* { 

^ — >OF f-t^>. 
[0 0 8 1] Z\<D$>h. y;PT-y^JSttR lt-«fcO. tB 

Tj^ouT^asmaivccb-^^ (s [v] > s-e 

±#-T-5. PMOS h 7 /•yxi' P 4 ttON UtiiT 

HiTjiiS^OUTtfS [V] +Vthi;±#t5 4 
PMOS h7>-^P 6^->ONt«. PM 
OS h7>-^^P 5©^->ON«CJ:0. 7P-r-f 

> y a-;u * b ©mi ttda tjJSTo u t t m <t fc 

fit. |U73«T-OUT*<fkiKWtC^a5Bill«ffiV 
CCU^JU (5 [V] ) tftofcti*. y-HGi3W 
7D _^^ >i//\*;Ui7Bfc5 [V] <hfc-5. fcL-fc. P 
MOSh7>^X^P7*^->OFFt5«li:. W73 
!8fOUTfflW3 [V] +V t h<fcO*>SS<ftofc 

PMOSh7>-^^P6*^->ONL 
T. liiAfflfOUT©ifiS3 [V] + Vth(C*7> J 
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[0 0 8 2] Z\<D&5\Z, ^UX** 1 ? EBr 

H" l^-lUTi&D. X*JPIN*«" H" Tfe^xh^IC 

SfcWWHC. PMOS h7>-/X^P 2iii^P 3A<0 
FFbT^SCtlCiO. y-HS*i^PMOSh7 

b ttrtWtK v D d \z\tfetfi lTi«ii^r, 7 d 

73^*ii^NMOS h^^^JNlCHH^e 

[0 0 8 3] Z\<D£?\Z&4<D&mMmz&n\l. ±13 
IB2»*iS^SI©a*^j!ni^.. PMOSh7>vX?P 
4. P7. NMOSh7>v^^N2, N4. N 7 \Z <£ 
0. l^)©MOS h5>v ? X^C0V-X/HU"f>F^. 

?0 [v] tffrfrZZittffs.^o'Z* BBEoP^^ni-fextr 

[0 0 8 4] ^SOUifi^SI 
0 9 tt*f£!B»Sg 5 (OHJfi^liroai^lHlgS^^-riilg&H 
T-&-5>. 0 9tC^Tttl^lHlSS«. LS I^y^Krt** 

<h. tW^l-A^fSELt. (U^OUTt. 2 
A^©NANDy-Ht. 2 A*©NORy- h 2*3 
J;tf3i:. PMOSh7>-^^Pl~P8i:- NMO 
Sh7>^?Nl~N8t. -fW^-J-INVltei 

[0 0 8 5] 09 lC^-rm^lHl8S«« 0 5 (OmTJlHlSSiC 
*5V>T. NMOS h5>vX3'N5. N6. N8t. P 
MOSh7>-^^P8t, N AND-7* h 2 <h» -f > 
A'-.? I NV4 .hSr&tt. -f>A'-^ I NV2«0j^ 
bfefeCO-C*^. <>/WINV4ll ^OATjJ&T 
40 *t-tl/ir hX*i*?SEL«C»«!*n. -tOUl**^* 1 
rt«Sy-H I SlC«iaSnT^£. NORy-b3ll 

•t^u^f*v-K i sic&j&sn. J &©i2A 

[0 0 8 6] NMOSh7>yX^N5li. V 

ss*v-f i sic&^sn. wHH>fi*v- 

FPGtC«l&£nT^5. NMOSh7>^N6 

«. JE-cDy-hSffi^rtastiiESivDDcsissn. 
50 izmwizn. -t©v-^«ffi*v-HGJc»«!$nTVi 
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[0 0 8 7] NMOSh7>^^N8ll Wf- H 

® (HK >m@*fe«V-X«<i) AV-HSP41C 

ffi) «rtSey-HSNlC^«^nTV^. NMO Shy 
>-;x^N3ffll i l"f >iI*iyNMOS h7>-^ 
?N4©V-XflH ;-HSP4C***tC / 
-FSNKi£l££nT^£. PMOSh7>^^P8 

n, -?:©h-w >««#»y-HSP4K««sn. ^© 

[0 0 8 8] 01 OSLS I 4 0 (3 [V] <Dft®mW. 

vdd) \ziH&2nrzm5<Dmmmm<»tiij]®&4 2 

(@9#I) <h. ^S6tti!SVCCT-i(l^-r?>nffl5tHlgS4 
3 <b<D&J&0i)£^-r0"C&O, (a) »**»«*VCC 
#3 [V] U <b) »4^»«WV 

CCA15 [V] ©£#©»«t«*«*". 010 (b) fc 

Ul*@»4 2 0Bi**POUTl:. 
»«jBVCCK:**anfc^l'7y^«tftR 

[0 0 8 9] 'M\Z. 0 9 lc^-rttl^lHl88WW)f^«:Sft B ^"^ 
5. 01 1 «0 9»C^Ttli^[HlKW!()f^^"f 5>^0T' 
»0. (a)ttt^hAAiTSELr L* 

i/hA^fSELr h" u^jucRJEanT^afc 
tt" h" (3 [v] ) tci9:5£2 3 <&©£•?- 

[0 0 9 0] tU^t-A^SELr L" U- 

0 9(C*-rm*lE!BS (01 0K*5tt-5ttS*ltBl8&4 2) 
tt. 010 (a) ©J;5tc$!&£n3. AASf IN 

L" l/^UKOi^. NANDy-M©IB*tftt3 
^y_HPGtf H" U^UU<hft£©-<?. PMOSh7 
>-^^PlliOFFLTM. ifcNORy-h2ffl 
tB7j-rfcfc%/-HNGte" H" W<)VttS.Z><»-Z* N 
MOSh7>-/X?NlUONLW5. ftoTW*/^ 
fOUTIi" L" U-^JU (0 [V] ) t»oTlr»5. 
[0 0 9 1] tti^iS^OUTAt" L" i^;u&©-e. N 
MOS h7>yX^N7 (iON LT*3 0 . CtXlCfcO / 
-HYtt" L" U^L, /—HI 

Ste" H" U-^;i/-e*-5fe*. NOR 3©ttJ7Jf&*3"& 
/— KOUTNli. / — H Y©W"OH£*»a»to&"*"" 
L" V^)Vt.ti*>. NMOSh7>^^N3IJOFF 
L,T^«. *fc/-HI S*<" H" U^JUft©T, NM 
OSh7>y^^N5tONbtW. NMOSh7>- 
v?X^N4*5<fcy:N6A<ONbT*3 0. / — HP GA*" 
H" U^Jt-fc©"?. J — FGfflflttSVDD-V t h <fc 
4,TH4. -feW* hAWSELr L" l^Jl/fc 



,) 1 0- 2 7 6 0 8 1 

30 

©T. NMOSh7>v^?N8ttOFFLT*0. £ 
fcPMOS h?>yX?P8HONUTIf»5. t£-?T/ 
-HSP4«F«?S6mi!iVDDU'<;l' (3 [V] ) t&o 
-0>£. y- HGAWDD-V t ht?*0, tBTjSaH'O 
UTAt" L" (0 [V] ) /-HSP4 

#3 [V] &CD-e. PMOSh7>-^J'P2. P4, 

P 5. P 7IJOFFLTH5. 

[0 0 9 2] -AiZXtl^ I N£" L" 
H" l"<.Mzmf2VZ>£. NANDy-H©tBW 
0 a^;-HPGS" H" WOlfrb" L" U-^JKC^ 
ftf5©t?. PMOSh5>«^Pltt*->ONt 
SftNORy-h2©IBAtftt)'6^-l i NGir 

H" L" (C^b-r^^-C. NMOSh7>yX? 

N 1 (W->OFFt5. 
[0 0 9 3] PMOSh^VvX^PlC^-^Nl: 

j- 0> y-KS^t*gS5^i!SVDDU-^;U (3 [V] ) t 

^-a. /-KPGr l" i^u-h&a©-?. /-HG 

|iVDD-V t h#>£" L" (0 [V] ) »c£<fc 

T5. f otPMOS h7»'X?P 2UJ;0:P3(^ 
20 ->ONt5. PMOSh7>^A?P2ffl?->ON 

ic«i;9, ffiftiS^ouTii" l" i^;ufr€>rtgB^iHiv 

DDI/^JI/ (3 [V] ) (C±#T£. SfcPMOSh7 
>v?7.^P 3©^ — >ONlC«kO. 7D-r-f>W 

^B^mtelirtSB^iKVDDU^u (3 [V] ) tc_h# 

[0 0 9 4] W*^OUT^V t h(C±#bfct#, 
PMOSh7>^^P7^->ONU /-FY© 
ttJ73^0UTi:RUJC7S:-5<, PMOSh7> 
•;X?P4ttOFF©**t*5. 
JO [0 0 9 5]*K. t^HAAJPSELr H"l/ 

0 9tc^-rm?3tHis& (0i otc*tt^m^[EiBS4 2) 

tt. 010 (b) ©J;o»c^3n-5. A^Sf IN 
flt" L" (0 [V] ) <D£2iZ. NANDV-h 

l©tt!73-r^^^/-HPGti" H" WVttiZV 
T. PMOSh7>^?Pl«OFFl/TH?i. Sit 
NORy-h2©W*Tttto*/-HNGtt" H" 
;U<h&-5©T. NMO S h?>5>X *N 1 ttON UTH 

a. «eoTffi*«s^ouTtt" l" I"** (o [v] ) 

[0 0 9 6] (BASfOUTr L" ^^©T. N 
MOSh5>^?N7liONLt*0, cntC^fcO/ 
— HY«" L" l/^t&otViS. /-HIS*'" 
L" U^;U<h&-5©-e. NOR 3©Hl*T*te"6/— H 
OUTNtt" H" U-^-lUtfrO. NMOSh7>^3' 
N3teONLT^S. *ty-HISr L" 
©T, NMOSh»>fX*N5l4tl:OFFbTl» 
a. S£oT/-HG©mfi:li" L" l/^t)5;7Tl> 
a. ■feW^hX*SSHFSEL«t" H" l/"W£©T. N 
50 MOSh7>vX^N8IJONltfeO. $fePMOS 
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h7>^?P8ttOFFUT^. S£^T/-KSP 

4. ti&Zttotl^OUTVtWZ" L" (0 
[V] ) PMOSh7>^P2. P4. P 

5, P7BOFFUTl>5. 
[0 0 9 7 ] ^ICA^*^ I N*" L" 

H" U^;HC*<fca**t. NANDy-MfflffiM 
&*3%li/-HPGtt" h" L" UUUC 

*<KL-r*©-e. PMOsh7>-/x?piw->° 
N-rs. sfcNORy-b2(om*«" h" l" /» 

/-FNGtt" L" U"W£fcO. NMOS 
h5>^J'NllW->OFFt5. 
[0 0 9 8] PMOSh7>vX ; $'Pl©^->ONi: 
<t0> y_FS*«rt»««VDDW , Ul«' (3 [V] 

fzz. y-HGtt" l" u^^rot. PMOSh7> 

^P2feiO!P3tt?->ONt5. PMOSh? 
>v;x^P2©?->ONi:<tO. tfiASfOUTtt" 
L" |/^*6rt»«IVDDl/'?Jl' (3 [V] ) \Z± 

ifcPMOSh7^^P3^->ONi: 
efc0> >y/x;H'B©«tiiirt*«*VDD 20 

(3 [v] ) tc-tirr*. 

[0 0 9 9] ffi73^0UT*iV t hK-h#Ufc£*. 
PMOSh7>-^P4. P7^->ONL. 

WU^JI/ (3 [V] ) lC-t#UTt). PMOSh7>^ 
^P4ttONI,ft*m5. y-HGO«tt*«lB* 

^->OFFT5. Jsfcy-PG^MMW^ 
(3 [V] ) tct#f*i. ;-HGfc/-FS©ttt 50 

amwzuzwc* PMosb7>^P2. P3# 

^— >0 F Ft*. 
[0 10 0] ^OT&t. ^UT-y^ffitfiR 1 ^ 
73«^OUT^gEmiHVCCW'^;W (5 [V] ) 
±#T*. PMOSb7>v^P4ttONLt**t 

B*SH^OUT«t3 [V] +VthCJ:#t5 
£, PMOSh7^X?P5*^->ONn. PM 
OS h7>yX?P 5©*->ONICfc»K 7D-t^ 
>^jW^B©««tttlB***fOUTi:Hi;«ttfcft 

CCKA (5 [V] ) <bfcofc<h1*. /-HGUitf 
7D-r-f>^WBI5 [V] <t&£. 
[0 10 1] c«)«k-5«cJB5©*lfi»ttKJ:ntf. "fcU 
* bA7J*STSELtcJ:0. nffimaSVCC (5 

[v] ) itrom^swjwiiftttto. ifc^asictatt 
;u (3 [v] ) *T©w*s*a*^ffittt«>. -r&fc 

01 0»C^-T«t^«C3 [V] iftf^<0^gBlHl8S«»:5 
[V] ttfls©^SB0g80H> - 3*i'lt-*>l^£ L s 1 
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[0 10 2] ft. ■fcWf hAWSELffltE^ 
ttJgtt. LS I»»*6SELB«A*t6J:5Kl/ 
TfcJK. SfcLS lrt*T?SEL«^S£J*"r*±3 

[0103] ^6<7)^SSJ^J8 

0T&*. 01 2 ATJlElB&te. LSIf'V^ 

®^nT*50. A73^iNt. a^sa^ouTt. P 

MOSh7>-/^P3 1- P32t. NMOSh7> 
-^N31~N37t, <>/.W INV31. IN 
V32t, fi«tR3 1tt*ti. -fflLSIf^O 
rt**»VDDtt. Cr-Ctt3 [V] 0 

i 2 tc^i-A73tHiss«> n-Ls icrtisnt. ±12 
Ntt. B«uftv^»iaK**'' itt ^ w,aa ® m,HVC 

CK&*S£n. fl-SBlsllS©" H" KJ^I«lMBVD 

*.w:5 [v] ) -c******^*^®*^**' 

[0 10 4] NMOS h7>^?N3 1 tt. *Ot*- 

h*«*»rt»«»vDDic»«an. ^©HH>ii 

>v>X:?N 3 1 ©V-X«SKl»«an-CV»*. JStaR 

3 i «. *©-i4iw«ffiNi:)i«ft. «isa*v 

-nNic^nws. pmosi>7>v^p 
31l t t©y-Ml*v-t ; iNii:ii3n. ■* 

^Mfc^Urt*****!**^^*' PMOSh^ 
>^X*P3 2tt. *©y-h««*«rt«««VDDK 
^^tl. tCFW >«S*V-H I N2K&*&£ 

?#pmos h7>y^?P3 i©i*i/-f >*J:tfn;u 

^KSttSnt^S. PMOS h7>-^^P 3 1*3* 
tf3 2©/^^ttrt««»VDDKI4*l«Sn*e)r. 
cntCtOATJ^ I N*6MUVDDCW»«« 

[0 10 5] NMOSh7>^N3 3~N3 6tt. 

5NMOS h5>^N3 3 ©Fl'-f K 
IN2tC*«5SnT*0. *fc«l*K**MOS h7> 
vX*N 3 6©V-X*iB*ltiGNDl:«*3ft 
Tl»*. NMOSh7>^N3 7lt ^S 1 ^ 
7»V-h* I N2IC«*Sn. ^ffl»2SI*V-HIN 
3C*«SnTV>4. ^/WINV3 1lt *©A 
^^t/_H I N3lC««Sn. ^WtBTJffl^AV- 
H I N 4 C««anTlr»*. -f >A-* INV3 2IJ. 
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[0106101 3ttPJ-©LS 140 (3 [V] ©1*1 

««»vdd> icrtig^nfc^6©*iS^a8©A*iHi8S 
(Hi2#B9) ij«tt;±ism5©*Jg^ffi©tts^taK4 
2 (B9»R) fc. »«««vccT»frr*»«B» 

4 3i«DWWI**tBt*0. (a) «^S5mi!SVC 

c*<5 tv] ©t#©s^ws:^b. (b) an-mmm 

VCCA'3 [V] O 4: #©»»tl ^ 13 (a) 
iCfi^Ttt, lBAH84 2 0ia*JfFOUT«:. 

WMvccK*««nt^7»^««R i oil w 

013 (a) . (b) IC*^-CIB*IB»4 
2©ttl*SH^OUTtt>H»ia»4 3K*««nT*0, 
A7JH0S&4 lCA**^ Ntt*«««VCCI;:*l«S 

n-o>*. *fcA*m8S4 i©tB*«^ouT«m^@ 

[0 10 7] 01 4«^6©HS£^SS©A^IeIgS«c43lt 
***** I N^©A*«BEC»-r4*a©DC««H 

/— FIN2 jsi^y— F I N 3©mi£*#14*7r:UT 

[0108] *K, 012 c^-r A^0SS (0 1 3 
tt*A*iatt4 1) OlflstBUt*. HI 3 

(a) ©<fc5lC«*g3nfc<i:#©lf)fe> tft^LSI 

?yzf#s [v] »f^©^.»ii«c«*anfci:*©ft 

f^iftHfll-So A*«ffIN*«5 [V] T7*0. /-H 
INlAWtlVDD^ (3 [V] ) UAJit^S 
©-p. PMOSh7>^^P31ttOFF>- PMO 
Sh5>^^P3 2l40NUT^. CtltCfcO/ — 
KIN2Bl'J»MVDDI/^l' (3 [V] ) Sk±£ts. 
0. NMOSh5>^N37i:J:0y-KIN3© 
iSIJVDD-VthtM. *9T-f >A*-^ INV 

3 i©m*>-<rtefci^-F i N4tr l" u^jv (o 

[V] ) <fc&0. <Wt-i'INV3 2 0iaAt^ 
Ui^ffl^ouT«" h" (3 [V] ) fcfc*. c 

©ffi?jftl£*<0 1 3 K*3l**Ui2JliI*4 2 ©-fcl/? FA 
-hi&=f- S E L Cl A* 3 

[0 10 9] 'At'* 0 13 (b) ©<fc?l::&*83nfc<t: 
*©»««. tftMLSIfy^S [V] »^©^ffl5 

#3 [v] ?s©-e. PMOSh7>-^^Pl*^P *<> 
2««ht)tCOFFLT*5 0. NMOSh?>fWN3 
3~N3 6©*5flHK«=«feO>'-H I N2lf L" 
;U<hfc*. ;-HIN2r L" l^JUft©T. NMO 
Sh7>v^^N3 7A<ONl/T*0, /-FIN3 
tt" L" U^tftS. foty-H I N4 H" U 
(3 [V] ) <tfc0. ffl^fflfOUTIi" L" 

;v (o [v] ) <fcfc£. 

[0 110] C©±5CfB6©mfi^tlC«fctl«. A^J 
M=F I N€r^S6EIBS©mi!SVCCtC«^b, ffl*jSS*0 
UT*0iJA«±i2m5©*Sfi^fig©tB*lHl8S«>-fe^f h W 



I^M^F 10-276081 
34 

#5 [V] ©t^«JilBai^tHl8S©-tlU^ HA^fS 
ELS:" H" U^Ut-r^-.t^^O. 5 [V] ftf£© 
^.gf0gS<i:±fem^tHlSSt©'f >^-7i-^SS8^ 
-Br. £fcfl-8B®itiiVCCa<3 [V] ©«h#«-tl^^ ha 
^SELS" L" l/^it5CtC±0 3 [V] 
Dj^©^SB!El8Si:±fBm^lHl8S4:©-f >?-7i-X4 

:t& <, 5 [V] ftft5©*»BKfc 3 [V] ®)f£©fl- 
Sfc^86lHlK©«i^ffi* , ^^ nT 

[OinlUl. 0 1 2 tCTK-f ATJlelSStt:. ±ie©ffi^ 
«EE-3Vi=3*bT. ^ffiA73=5V-catti!abfc^. Ml 

[0112] &7<Dmmmm 

ETC**. 0 1 5 A^/IhISS«. AA*fINt. 
[HAiSfOUTJ:. PMOSh7>yX5'P31. P3 
2. P38, P3 9t. NMOSh7>^?N3 1~ 
N39 i, -c I N V 3 2 <h» StaR 3 1 

-T-5. 0 1 5 KtTT A^EISStt. 01 2©A^0SS(-*5 
V>T. PMOSh5>y^P3 8. P39i- NMO 
Sh7>-^?N38, N3 9i:£l9!tt. -f>A-^I 
NV 3 1 SSlO^Lfcfc©-^*. Hi*JlE]8&*5«fctWt88 
0Bt©««B- ±|B» 6 ©*K»«*£H (0 
1 3 i^KD 

[0 113] NMOS 1<7^X?N3 8B. *-©y~ 
h*V-F I N3tC^$n. WFW>ti^- 

icig^nr^s. pmos h7>vx?p 3 8«. * 

©y-h«ffi*V-F I N 3 *©FU'f> 
«ffi*V-FIN4«C»«5Sn. *©V-X««*sJ:tf 
/X;U**V-h"SPNICtt*3nT<,»*. PMOSH7 

twan. piiosh?>y^P3 9tt. ^©y-F 

tC^iS?$nTV^. NMOSh7>yX?N3 9B, 

/- FS PNIC««lSnTV»4. 
[0 114] 01 6««7©*J6^Sg©A7JlHl8S»C*5lt 

TT»D. (a) liA^flN- Ul^OUT. J~ 
F I N3. fc^tf/- FS PN©«J£**tt. (b) ttS 

asmsgitft (rtssminvDDtc^-r^iNsmsft^) * 
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^ ( Oi i 5] 01 5 IC^T A7J08&©Bjfm. m 

[0116] AftJS^ I N#5 [V] ©fl-SB^iSVCC 
C*»Snfct*. /-HIN3«)tttttVDD-Vt 
htW OT. NMOSh7>^N3 8BONU 
ffi*»^OUTtt" H" U^iW O CV] ) fctt*. W 
A«fOUTr H" W^A-fc©-?. PMOSh?^ 
^P39BOFFl/T*0. NMOSh?>'^N / 
3 9ttONbT*50. ;-HSPN<0«ttttVDD-V 
thfcft*. «,T;-FIN3t;-FSPNOltt 
^tfclCVDD-VthtSD. PMOSh7>-^ 

IftVDDA^PMOS h7>^^P 3 8*5j:tfN 
MOS h5^X?N3 8*WLT*«MGNDl: 

««#*n&tf **** 
jgfiN^3 [v] ©nasminvccic&aasnfcfc^ 

tt. NMOSh5>^N3 8. N39HOFFU, 
PMOSh5>^P3 8. P3 9BONI/TW. 

[0 117] c©J:^lcll70*lt»»KJ:ntf. A?3 

*^SELK**rt-*£i£*0. »MIVCC*I5 
[V] © < h#te-hfEii5;>J!Hl8&©-fcl'-? bATJffl^SEL 
&" H" U/<JU<h-r.6r<!:lcJ:0, 5 [V] »fe©*VSB 

*fc^acmilSVCC^3 [V] ©t^te-feU-? hAflffl 

fSEL r l" i/^;Ptt SuticiO 3 [v] idff 
&<. 5 [v] mv?<»kw>®®>£z [v] i&^onseiH] 

HULS I ^^ti^'J J' HW*RI^4"*" 
£-5, tfcrt»«IVDD*6**t«GND^fl)M 

©«tn&*- * Kih-r z> z t *<-e £ * . 

[0 118] «. HI 5fcRTA*IStttt. ±fE©ffl?J 
@8Si:i^UL S I ICrt«SnT^<TfcS^. 

[0 119] ^8©*«M 
01 7tt*5BMO!B8©*JS»»©A*ia»*^"«"ia» 
@T*-5. 0 1 7 ICTH-fATJlHlSMi. LSIfy^Krt 
jf&Sn-CfcrK A73SS^INt. ffiTjSS^OUTi. P 
MOSh7>v^Pl~P7i. NMOSh7>vX 
N7t. -f>/X-^INV2t**-r 

tv] -r<&s<!;-r*. at3«^in«. n-m^mnm 
iiS'AAsn*!^**. c©A*><iHt©" h" 

JU*. Cr-Cli5 [V] T*5W. *fetB7J«^0 
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nT<^5. -f * I NV2I1. -^©ATJiS^^HiTJ 

[0 12 0] NMOSh5>^Nltt. ^©y- h 
5. NMOsh7>vx?N2H ^©y- hSffitfl*! 

gpmaivDDic^sn. *© h u-r >m<s* { A7i«?- 

INK»«Sn. t«V-AM*lNMOSh7^ 
jrN10FH>iICSS$ntV>5. NMOSh7 
? >-77,^N3H -toy-htl^-FOUTNl:* 

lasn. *ov-x««a&«**««GNDic««snr 
rtawaivDDicttttsn. whw>h^ 

-KGK»«Sn. w;-XM* ? NMOSh7>-/ 

x ? n 3 © h* u-r > «® c s nt t »s . 

[0 12 1] PMOSh7>-^^PlB- -ecoy-h 

ohh >*«*«rt»y-Hs»c*«snT^*. pm 

OSh7>-^?P2«. *©y-h««*«/-HGKl 

n. ^©v-xft^v-Fstc&^sn-c^s. pm 

OSh7>-/X?P3lt ^©y-hSSAV- FGK 

g^sn. ^©y-xw&AV-Fsic&^sn-c^ 

4. PMOSh5>^P4tt. *®y-htWrt 
JJMVDDClWSn. ^J)FH>iI*V-HG 

rv>*. PMOsh7>-^P5H *®^-F« s 

^ I NlC&^nTI^. 
JO [0 12 2] NMOSh7>^X^N7li. -t©y-b 
«**trt««»VDDlC*«*n. ^its (FU 
-f >tffi*fcB7-XiI) 75<A73JS : F' I NCUKS 

u*jB^ouTK**anrir>*. pmosH7>^ 

^ P7 |i, *-©y- h FG1C«M££*U -t© 

ouTtcftiasn. *®^2SI (v-x««*fcttF 

U-f>M> ^A*«8^I NCJWSnTlr»4. PMO 

fouTi:^nTv>5. 

[0123] PMOSF7>vX?P2, P3. P4. 
P5 , P7li»A>? (»1£) BC»*SntH 

j:i/«sjft««GND©^rn»ct>*«anT^tt^N^ 

x;WT&£. PMOSF7>vX^P3, P5®FH 

MOSF7>vX?P1. P6. P2 1©A-JU^ttrt« 
*«VDDlC*l«3nT*S0. NMOSF7>-^N 
50 1~N4. N7flD/t;H'tt*«*WGNDH*«SnT 
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[0 12 4] A*** INlCtt. PMOSh7>y^ 
P 2tf>Fl"f >««t- p4 > P5«*V-X*ii. 
P7<0»2««t. NMOSh7>/7^N2«FK 

[0 12 5] /-HGKtt. PMOS h 7 P 
2. P3. P7©&y-h«@<t^ P40y-^ti 
fc' NMOSH7>->'Xi'N3fflh , W>tii* ! ^ 
gntV»*. /-HSfctt. PMOSb?>^Pl 10 
OFW>«It. P2. P3©ftV-A««£**** 
S nTV>*. B*«TOUTCtt. PMOSh?>^ 
?P6CHK>tlfc. P7©mi«®i« NMOS 

[0 12 6] *»=. 01 7 lc*TA.»HII©iMI ! *KW 

-rs 0 x^fflf iwr l" u*w <o [v] ) ®t 

NMOSh5>^N7BONUT60. aJTjSS 
? OUTB" L" WOVhUZ. mt>m?OUTtf" 

1^;U£&D. cniaONMOSh7>^^N3B 
ONLT*50. «oTN4t>ONl/TV»5. NMOS b 
5>^X5-N3t3^N4!5SONUTV^©-C. /-b* 

N^tfcic" l" w<)i (o [V] ) &©-c. pmos 

h5>J ;^P2. P4. PS. P7UOFFLW 
Sfcy - K SCtttttV t hfilTift-atfit). P 

MOS h?>-^P3*OFFLTIr>«. 
[0 12 7] ^CA^SS^ IN*<" L" 1° 
[V] ) [V] tcJCflS-TSt. U*»OUTtt 30 

h (NMOSh?>-WOl/*V»*T?*0. *^ PM 

i: . y_ HG ?><" l" u-^;uft©-e. PMOSt-7^ 

X*P 7*tJ->ONn. i&NMOSh?>^ 
N7IJ, AtKTjafYPADfflSttA'3 [V] -Vth 
jy.T-Cfc^xt^ONbT^O. 3 [V] -V t nKit 
65t?->OFFt5. ^t. AMfINA'3 
[V] 3=-e.h#Lfc<h#. PMOSh7>-^P7* 
itfNMOSh7>^N7CJ:0. lB*fflfOUT 40 

«3 [v] -vthtuft<3v [v] *-e±#-t*. 

[0 12 8] $fcA*S8f INA'Vth$t±#bfet 
^ y_FGA<" L" VVVtzW, PMOSh7>^ 
X?P2*<?->ONt5. PMOS h7>v^^P 2 

<iic±#u cmciOPMOsh?>^P3W 

_>ONt5. ifePMOSh7>v^P2M^P 
3«5'->ONlC«tO. 7P-?^WB^* 
ISf INt^ttei:^. PMOSh7>^?P3 
tt. 7D-?^>WfB»ittt3 [V] 50 
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IC±#£-B-. PMOSh?>5>**P2©»fls*J:0* 

[0 12 9] A.*tfIN*itfHJ»tTOUT««3 
[V] lC±#-rS<h. -f W!-^ INV2CW" 
H" L" U^JUC^ftL. rntCiONM 

OSh7^^N3ib^->OFFt5. b*»U / 

— H G tt" l" 
[0 13 0] C©*t. 7JU7?71SttR 1«CJ:0. A 
BJAMffY P AD tt^MiV C C U'C* (5 [V] ) 
ST±#t5. Affl^fYPAD*t3 [V] +Vth 
icJiW-r^^. PMOSh7>"^P4. PStf*- 
>ON-T*. PMOSh7>yX^P4ffl^->ONl: 
j-f), /— hg«" L " l/^W»6A**f INtHU 

Kfc*C£K:«fc0. PMOSh7>^?P7W-> 
OFFT5. *fcy-HGty-FSfc3fttni;«ttKtt 
S^ttCiO. PMOSh?>^P2*±tfP3*' 
^->OFFtl.. *fePMOSl«?>^yP5fl)* 
->ON«CJ:0. 7n-?-f>frtMBfl)«ttttA* 

[0l3 1]tl/T. ATJ^ I N**M*WK 5 [V] 

fc5 [V] ifc*. fcbfc. PMOSb^>^X*P7 
*t^->OFF-r*fJfC, HJ*«ffOUTO«tt«»3 
[V] +VthJ;0^<^fc^l :a - PMOSb 
7>yX5-P6^->ONlT, ffi^fOUT©! 
ft£3 [V] +V t h«C^7>^T^. ^TtfeUfe, A 
A«f INffltft^ -vth±ot»ft<ftofct*i: 
tt. NMOSh7>-7X?Nl^->ONlt, A7J 
MH 1 1 N©Sfi4-V t hK^9>^T«. *fct>b 
fc, A73«^ I NUitfy-HSOttt*. 3 [V] + 
VthiOfeK^fc^B' PMOSh7>'77 
Jrpi^->ONl-C. A7jS8^I NfflfftiS:3 

[V] +V t hfclf?>7T*. NMOSh7> 
i^X*N2. N4t±, ATjiSHM N*3«fctf/-b*G*<5 
[V] <bfrofc«h#K. ^055 [V] A!NMOSh7> 
->*X*N 1 . N4«)V-X/HH>HK**5ft w * 
5«C-r-&^»l"Slt^^^^ w " cfe0 ' COTNMOSb 
7>v7,*N2. N4lC«fcO. »ffi©P<^n-fcXlCt> 

toi3 2] A*aBTiN*»5 [v] ic«J#£n 

Tlr»*£*K. PMOSh7>^7^P2U±^P3^ 
OFFLT^SCtCiO, PMOSh7>-7X^Pl 

©fh^ws (y-Hs) tt/w-r >K-^>xta 

oT&O, ;-FS*J:tfPMOSh?>^j'Plffl 

y a;u ? b tertSBmai v d d \z amm. it ^ & <^© t? . 

7D-r^>^H'B^ei*i9«iSVDDl: <J-;7® 
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co 1 3 3i c<D^o\z^8^mmmm\zxn\i. a?j 

i7 i N i:5 [v] ©fW^^ntfc. PMOSh 

5>i ; X ^ P 7.fc«fctfNMOS h7>-^^N 7 lC«fcD 
[0 1 3 4] ft. 3 VlCttbT. fl-S5A7J = 

[0135] sg 9 (Asute^aa 

HJ7jJffli^OUT<h. PMOS h7>vX^P 1~P 7, 
P2 lt, NMOSh7>v^Nl~N4, N 7 fc. 
>f>/WINV2t**t4. 01 0 1 

[0136] 018 »C^TA73lHlgS«. 0 1 7 ©A730 
SStCiiV^T. PMOS h7>v^P 2 l*«»tfc*>© 
tr»*. PMOSh5>^P2lB- *-©y-hm 

T©U^*rtS5S8RVDDU^ (3 [V] ) K$g£ 

-r -5 fe» it e nfe © * ^ » 

[0137] 0 1 8 KtRT tB*l3l&©»fm. 0 

[0 13 8] PMOSh7>^P8H S^ONL 30 

^ttiHUftfPSt*. A*** IN#*-f >K-^ 
>X£fcofc££. B*ifOUTIl 7D-r^^ 
PMOSh?>^P8C*0rt«l 

©«tt*«s [v] PMOS V-7 

>>?X^P7ft<kO!NMOS h?>yX^N7#«OFF 
■rsCtlCiO. PMOS h7>vX^P 8&^UTA 

ten. 

[0 13 9] COJ: 5 IC» 9 

O U T * 85® R V D D V ^ 1. 1 * Z. £ tfiH & % 

A**^ INKS [V] ©«tt««A*SnTt>. PMO 
S h7>y7s^ P 7 . NMOSh7>-^^N7i:J: 
0, PMOSh5>^P2 1*i4bt«>Wfl)« 

[oi40i»i oonmrnte 

0 1 9 te*S€93©SfS 1 0 ©*8S^SI©A73lHl8S*^-r® 50 
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880^*^. 0 1 9K^-f A7J0B&te. A73^IN 

Hi71«^OUTt. PMOS |-7>v^^P 1~P 
7t. NMOSh7>-/X?Nl~N4. N7, N21 
h ^ w ^lNV2t2:ft^ 019»C*J^T. 
01 7 t*a-r*«»«wO^TttB-«F^*f*^^* 
-5. 

[0 14 1] 01 9K«-TA*ia»tt. 01 7©A73[1 
*K*V»T. NMOSh7>^^N2UWtfcfe© 
-C**. NMOSh5>^fN2 1li ^©y-h® 
«3»»rt««*VDDlC*««n. ffflFH>«S*^ 
*JBfOUTC««Sn. tov-xU*«ittG 
NDC«KSnTH4. NMOSh7>^?N2 1 

m*^ouT*y;^-i7>b, wtj^ou 

T©U"<;W«r«*^i® GNDl/ ' A:;l ' <° tV] ) K56S 
f £fc»©«tt'E>ttfc *>©"?**• 
[0142] 0 1 9 iZ^-T ArtEHS©*^*. 0 

1 7(c^Ufrm8©*Jfi^S8©A730K©BlfP<t{S«|Bl 

7©A7Jln]88iliSft i 5. 

[0 14 3] NMOSh7>^N2 2lt «B#ON 

y>XlCfcofc£#> B*i?OUTIi. 7D-t^> 
ytlS/SiQ-f K, NMOSh7>-/X?N2 1l:iOS 

^miHGNDw^Ju (o [v] ) Kutjgsns. 
[0 14 4] :»<fc7i:ii o ©*lfi»jBKJ;ntf . A 

a*=FIN***-f >tr-y>^Kaofci*. NMOS 
h7>*X*N2 llCiOm^ffl^OUTSrSlfljmili^ 

«*U*UU**-C**. A*«HPINK6 [V] 

©«tt3i»A*anTfe. PMOSh7>^P6. p 

7. NMOSh7>^N7i:i0, tBTjSS^OUT 

UT5 [V] ©maSte^U^^** Bffi©»V»^° 

[0 1 4 5] ^1 1 ©**6J£88 
0 2 0«*3E^©mi l©^ig^Sg©A73[Hl8S«r^-r0 
BHT»a. 02 OtC*-TA730SS«. ATJiffl^ I N 

thtim^OVriz. PMOS h7>v f X^P 1~P 
7. P22t. NMOSh7>vX?Nl~N4, N 
7, N22i, -f >A*— * I NV 2 tSr^ftS. 02 0 

[ 0 1 4 6 ] 0 2 0 IC^-T A73lHl88«. 0 1 7 ©ATJlal 
KIZjS^T. PMOSh?>^P2 2t. NMOS 
h7>S>X*N2 2 .hSriattfc *>©"?<& 2>. NMOSh 
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>U*tt*Jfi««GND»C*l*SnTl»*. PMOSh7 

an, *® h u-f >ti«»x*«ff i NCMsn. * 

PMOS h7>-^^P2 20/^a7D-f^^ 
[0147] X\Z, 0 2 0 KiTf ATjIhISS©®)^*, 0 

1 N#SK >tr-^>Al::£ofci:#©»ffrftt0 1 

[0148)@21tt@20 tC^-TX*lHlKlC*5V»TA 
^gf I N^O [V] *fctt5 [V] a»6*-f>bT-^ 
>x iciElk bfc 1 1 ox A«f I N t y - H A 1 ©iff 
5>y@ («ffi»»H) -C»9. (a) teATJiST 
INtfO [V] Ti^lS-f >K-^>^lC*ftUfcfc*0 
1gJ£fcJ&0. (b) ttX**FIN*»5 [V] *»5*-f 
> £_y > Xtc£<tLfc£i*©mffi&J&0-?&*- 0 2 J 

«©»ff*KWr%. A^jSflN*'" L" 

;u (o [v] ) *s*-f >t-y>xtftofctf®i 
feftwa-r*. xMfiNr l" (o 

[V] ) ©t*. NMOSh7>^N2 2BONL 
r j3 0 , ;_(<Altt" L" l"** (0 [V] ) £f£i 
Tlr»*. *fePMOSh7>^P2 2B. ONUT 

[0 1 4 9] ^LTATJiS^I N**0 [V]^6K-f> 
PMOSh7>-^^P2 2l:<t 
0A*«f I NttlWtiKVDDl^^ (3 [V] ) IC 
fcffcU Ul^fOUTfc3 [V] CjEftf*. 
-h*Al©S(4«NMOS h7>-^?N2 2K<fcOV 

DD- V t h LfcZo 
[0 15 01 A73«^IN*t5 [V] 

N*><5 [V] ©<h£. /-HAlttVDD-Vthtft 
,TV>5. PMOSh7>v^P2 2B. ONUTU 
^^^yO>Sta©«fc5«C»j^U. P22©KH> 
/y-X^ICBSE5 [V] -VDDiWoTl>5. 
SfcHJ^fOUTBrtlitillVDDU^I' (3 
[V] ) tftoTV^. 

[0 1 5 1] fltA^f I N*t5 [V] T^flS-O 
t-^>XtS5i:. PMOSh7>vX^P2 2l:i 
OAflSH 1 INttMMVDD^A (3 [V] ) \Z 

[0 15 2] Sfc. ATjSgTI N#5 [V] C«»«n 
T^-5i:#»-«. PMOSh?'>^P2 2*. P_ M 
OS h7 Z/~J7*9 P 2 ~P 5 . P7i»7D-f-f 
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>yA;U^Btr^UTV»4©T?, PMOSh7>vX 
? P 2 2 ©AMI^fcrfrUTAaSSH 1 1 N*»6rt*m«V 
D D Icmijittftfftn&fr - i 

[0 1 5 3] C©«fc5K!Sll 1 ©^sa^snctnii, A 
TjJg^I N#*H >fcf-^>7>lC^ofcJi^tC. A**® 
f IN (fl-8Bfi^> <tUi^«^OUT (rtSBIf^) ©£ 

INIC5 [V] a&tA**nfc»^-Ct>. PMOSh7> 
-^?P2 2©A*Jl/i7«PMOS h7>v^?P 2~P 

(5 [V] ) ty-b«I (VDD-V t h) ^ =fo 5 
[V] ODS^Mtt^i:^^. ttoTttt«C**t5»E 

[o i s 4] mi 2©*SS^ 

0 2 2te*!R?9i©Sfll 2©HSS^fii©A73lsISSSr^-riHl 
SS0-CJ&-5.. 0 2 2 IC^-TA73IhI8S«. LSI^y^lC 
fljganTisO. XA*HNi. ffl^jlfOUTi. 
PMOSh^^X^Pl-PTt. NMOSh?^ 
>0 X*N1~N4, N7. N23. N2 4t. -f 

I N V 2 t**t*. B 2 2 C*V»T. B 1 7 iftlf 

[0155] 02 2 tr^-T A73I@1SS«. 0 1 7 © ATJlU 
ttC*^T. NMOSb7>^N23tN24iS 

isttfc fc ©"?&&<' 

[0 1 5 6] NMOS h7>xX^N2 3 «. *©y~ 

NDCgi^nt^S. NMOSh7>^?N2 4 

© h* U-f >«ffi**A73«^ I NJC^an, *©V-X 
mS*V-KA2(CS5^anTV^. -r^*5^A73^ 

1 NtSl«!maSGND©miC. NMOSh7>-^?N 

2 3, N 2 4*<iS9<l»Cfi8tte.nTV>*. 

[0157] 02 2 \Z7frt A*l§ltt©»flstt. 0 

m=t i N*»«-f >tf-y>7.»c^ofc<h#©ift^^0 1 

7 ©ATJUS&tteSte^. 
40 [0 1 5 8] NMOS h?>S>**N2 3*5«fctfN2 4 

£<. 7)\,?v>&mtmc®ft z-rz. atjss^pin 

n-y-r >^<h«^e»-r«c, NMOSh7>-^^N2 
3, N2 4CJ:0*«J«J1GNDU^ (0 [V] ) IC 
5g«3n. £fc£n»C«fcDUi*>iSI^OUTfc0 [V] e 

8S5£an£= 

[0 15 9] c©±5i:Si 2©Hlfi^ffi«cJ:n«. A 
50 TIN t(U*«fOUT ©f 
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INK 5 [V] ^AASnfci^tfe. NMOSh7> 
yX*N2 3iN2 4fCMl/T/-l ; A2«)ffi§ 
^-TSCtlCfcO, NMOSh7>-/^?NN23© 

v _x/h*n->rfltc*3v^T5 [v] <»m&m$±ct£ 

[0 16 0] W.I 3©HS6J£S8 
0 2 3 ht#fg?§0>3S 1 3 ©^SS^firoA^lHlfSSr^-riiJ 
gg0-C&£. 0 2 3 iCijVr AftHJ&te. X*I?IN 

7<h. NMOSh?>^Nl~N4. N7, N2 
3, N24t. -f >A'— ^ I NV 2 02 3 

K*HT. B 1 7 t»lt4»»KOIf»TttH-lW* 

[01611023 IC^-T A^1hIBS«. 0 1 7 ©A*@ 
NMOSh7>^X^Nli:tW:> NM 
OS h7>vXJ'N2 3^fct)fflTfe5. NMOS 
H7>yX?N2 3H *oy-hft«««rt«««VD 
DlC&^Sn. *©Kl/-f>««**>'-FA2lC*ttS 

NMOSh7>^^N2©y-XSIH /-FA2 
[0 16 2] 0 2 3 H^TA73lElS&©fi)f^«- 0 

7©A7JlEl8S.i:«*fc ; 5. 

[0 16 3] NMOS h7>^^Nl*<tyN2 3 
»*, JWONl/TV>4*». N2 3(0ffll3>^^>X 
ti/hSV^. N l*5<fctfN2 3 ©it^JIIlBSte. 

XlC&ofcif!?, XAtFINB. 7P-f^>^tli 
^e»-TJC. NMOSh?>^Nl. N2 3(C«fc9& 

itomuGuvwov (o [v] ) tuijgsn, $.frzn 
lCj;t3tB7J^OUTfcO [V] tdss^n-s. 
[0 16 4] ^©.fc-SKSS 1 3©£16HSJSfc:<fcftfcf. A 

fiN wasm^) <hm73«^ouT <na 

■^exhfe^limaiGNDU^^i:^*. A*SB^ 
INC5 [V] #A?J;*nfc«£-T?fc. NMOSh7> 
i?X^N2 tN2 3t»EUTy-l'A2 0ttttft* 
T-SCtlCfcO, NMOS h7>-^^N2 3©7-* 
/HW-f>Pfltw*i^T5 [V] ©«{fc*tt£UftV>fc 

[0 16 5] 



I 1 0 -2 7 6 0 8 1 

44 

A73Eiifs. *3«ti;Am7j(Hi8SiCctn«. rtsemiimffis 
[0ffiroffim^ittHJ] 

[01] #«W©*l©**»tt©AfflaBtt**"*"lHl 
SS0T&-5. 

[0 2] *^W©^l©*Jfi^«i©AttJ73tHlgSICi3lt^ 

[0 3] *%Bj©m2©^JS^fi8^tti^[HlSS^^"^'sI SS 
0T&5., 

[04] *^w©m2©*js^sg«ai7][si8s»ctiitsi)j 

f^^l' 5 >:7*0T$>-5. 
?0 [0 5] *5BH©*3©*16MM^Hiaia**^l a * 
0-C&&. 

[06] ^m<D^3<Dmmmmomtimmztin=bm 

[0 7] #»lB©»4©**»tt©fflaB»&i*'*'H» 
0-C&£>. 

[0 8] *«ifl©jis4©jiiiJ6»*©ia*iaiSK*»t*» 

[0 9] *%^©m5©**S^Sg©tH^tHl8S«:^T0K 
0-C&3. 

w [010] *fe^©« 5 (ommmm^mtim^^t 
©jg^eijsr^t^-e&s. 

[011] *?8Bj©^5©IISfi^Sg»Ui^lHlBSf-*5^ s 
Wlitf-f 5 >^ r 0-C«> ; 5. 

[0 12] *3EWO!(S 6 A*@I**w4"IeI 
SS0-C*-5. 

[0 13] #%BJ©?fS6©HI6ffi*88<flA7JlHlS8©naB<!: 
©^afiaj€r^T0-e»^>. 
[0 14] *38W©* 6 A*EIttODC» 

40 [HI 5] *«?BO»7©*«»tt©A*ia»*W*'lHl 
S&0T&S. 

[016] *.&WOm7 <DmmMl&OAt)!Ei&<DT>Cft 
[0 17] *^HJ©^8©mfi^SK«A^(HlgS€r7ix-rtHl 

gS0-e*-5. 

[018] #5g0J©fg9©*i6^fl8«A;frlElS&£7n-r[H] 

i80-e*^o 

[019] #?e$i©SS 1 0 ©^fiE^fS©A7J08S&7r:"t 
0gS0-C*^>. 

5<? [020] #few©s& 1 1 <DmMmm<Dxti^^yn-r 



74520004 frftSmSiM 



(24) 



45 

0880T&5. 

[02 2] #5693©?8l 2<©SJS^Sg«X^lHl8S2:7K"f 
0&0T?**. 

[5]8&0T?&£. 
[02 4] '&#:<DXJl®&Z*'?®'&®~Z*>Z' 
[0 2 5] fi£*<DA^lHl8S«C*5lt^ift^^'r5>^0T 



ftMVl 0-276081 
46 

[02 6] ^*0!)Ui*igtt**"rElttBIT»*. 
St0J] 

P1-P9, P31. P32, P38, P39 PMO 
SVv>V7s9. N1-N8, N31-N39 NM 
OSV7>V7s*. D L 1 HfHR. INV1- 
INV4, INV31. INV32 4>9\-9. 1 
NANDy- K 2, 3 NOR^-h 



70 
[01] 



VDD 



Wo 



OUT O- 
EB 




% 1 <D2S*fi«l» 




74520004 ^fT&ffiXiSK 



(25) 



1 0- 2 7 6 0 8 1 



[B2 1 



[04] 



(A) 



(a) 




(B) 



\ 

\\{\\\\\\\\\(\W\\\ W 



^ 



I M ^ 1 1 1 1 1 1 



i| .,„ | iii i|llli| H i f |i n i | i L I I 

Tin© 



(C) 



OUTN 
| OUT ^ ' 




i 






"\1 - 




Time 




(b) 






ft. 

\ \ 




V.7»|V.:r|:7r!y:~|7r.^v.Ti'i*Tii'*" 




Time 





/.I.MiTi"^ 



I" I I 

Time 



, M .... I ,V.V|"..| I'l" 



[0 5] 



VDD 



NAND1 



INo- 



EB 



o — H^C 50 



(NV1 NORZ 




GND 



74520004 SfefftrffiXSK 



(26) 



#P1¥1 0 -2 7 6 0 8 1 



[0 6] 



(a> 



Time 



Co) 



% — — ~\ 




IN ftPr — ' OUTND \ I 


i 
i 
i 




. 7 \ 


y 


OJ 



OUTN 




iniiiiiiiiiniii|iiii|iin|ii 
Time 



Cb) 



(b) 




[0 7] 



VDO 



IN O 




INV1 NO«2 



GND 



[014] 



IN 

.J--" 



OUT 



j^ 2- J'lr 



SOOni 1 LB 2 Z5 8 as 4 4B 5 
Input Votoge 



JS6CD^i6^«a(ODC#tt 



[0 2 5] 



Time 



r 



74520004 fcfT&ffiXSK 



(27) 



#M¥l 0-276081 



[0 9] 




[0 10] 



1 2] 



(a) 



VCC=3V 




VCC=5V 




'AD I t AV 1 

-N31 
-N32 





VDD 


INI 




HE- 


P3B|J 






HE 


-N33 


HE 


-N34 




-N35 




- N38 



— ™ 



H3T MV3| INV3Z 



GND 



[02 7] 



„, OUT 

m V 



0 > il fr»V».. r . I" 



a 

Tfcne 



JftfTi**** «BB*lO- 2 7 6 0 

(28) 



[01 ll 




[0151 




74520004 frfttmlCM 



(29) 



ittH^Pl 0- 2 7 6 0 8 1 



[0161 



(a) 



IT 



t; 



if* •« i i i i i i i i ■ ii !■ i ■■ i < ■ > ■ r 



ZL OUT 
StT * IN3 

I 



Input Vdtag* 



(b) 



g > » L" r I 1 S ' s ' ' ^ 1 4 1 5 

Input Voltage 



OUTN 



OUT 



[017] 



VDO 




GND 



m 8 £D*ffi3glB 




74520004 ^fr&ffiiitK 



(30) 



0-276081 





$ ii ©^ifejgfls 



74520004 ftft&mitffi 



(31) 



0-276081 



[0 2 1] 



(a) 



<b) 



2 







IN 






V 




Time 




^ — /" 








Time 





* 11 ©jtSflg®©^ ? 




t 

r 

74520004 ftfrftffiXiSK 



(32) 



#PI¥1 0 -2 7 6 0 8 1 



[0 2 3] 



VDO 




GMD 



[0 2 4] 



VDO 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



